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A B S T R A C T 
Maps are presented showing the d i s t r i b u t i o n , of weeds along 
sheep t r a c k s and the B i r k d a l e Track roadway on Uiddybank Fe l l . . . 
The two main weeds, B e I l l s perennis and Poa annua, hav/e c o n t r a s t i n g 
l o c a t i o n s . , The former grows mainly i n g r a s s l a n d areas and the. l a t t e r 
i n heathland s e c t i o n s . . The presence of Cerastiumi h o l o s t e o i d e s « 
Ranunculus^ repens . Saqina pxocumbens. Taraxacumi o f f i c i n a l e are a l so 
r e c o r d e d . Two main exp lanat ions were o f f e r e d to account for these 
d i s t r i b u t i o n p a t t e r n s ; 
The r e l a t i v e d i s p e r s a l a b i l i t y of these weeds did not provide a 
complete exp lanat ion for t h e i r l o c a t i o n or migra t ions Spread away 
from the sheep t r a c k s was; extremely l i m i t e d * On the other hand, 
weeds could be found growing along the paths some d i s t a n c e away from 
the maim centres of d i s p e r s a l on the Birkdale Track and i n shake h o l e s . 
The a l t e r n a t i v e exp lanat ion that the p h y s i c a l environment l i m i t s : 
weeri d i s t r i b u t i o n s : is: w e l l supported by f i e l d evidence* Wee;ds are 
concentratedatlong the sheep t r a c k s where the s o l i and n a t u r a l vege ta t ion 
has been modif ied by an imals . . Sheep c r e a t e an environment i n which 
weeds f l o u r i s h . . "fhB main e f f e c t s of sheep are t r a m p l i n g , g r a z i n g and 
manuring which together destroy the vege ta t ion mat and produce bare 
ground^ for c o l o n i s a t i o n . Dung a l so f e r t i l i s e s the s o i l , by prov id ing 
organic matter and n u t r i e n t s and t h i s enhances; weed growth. Away 
from the t r a c k s these cond i t i ons do not p r e v a i l and weeds are. not 
abundant. People trampl ing along the s i d e s of the d i r k d a l e T r a c k 
produce p h y s i c a l cond i t i ons s i m i l a r to those on the paths; and weeds 
a l so f l o u r i s h here*, 
The areas of r a r e p l a n t s do not support many weeds. Competit ion 
from weeds i s not a s e r i o u s t h r e a t to the n a t u r a l vegetat ion here* 
The most immediate danger comes from the sheep, graz ing which may 
e l i m i n a t e some of the s m a l l populat ions of r a r e s p e c i e s . 
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ItaiTRODUCTIOH 
T h i s p r o j e c t , i s , a study, of the i n v a s i o n of weed! s p e c i e s i n 
p a r t of liliddybank F e l l , Upper T e e s d a l a * The study area i s 
s i t u a t e d ; on; the (north hank of a loapp ira the. R i v e r Tees apptjBita 
iLtss conf luence with PiaiiZB Beds (Rap 11) » The land is.; owned by the; 
Nature Conservancy and overlooks. Cow Grcean, R e s e r v o i r . , There, are; 
threes rniaim aims to. the pro j e c t : 
( a ) Ten p l o t the d i s t r i b u t i o n of se lec ted . n ideed u s p e c i e s iro 
r e l a t i o m to Teasda le r a r i t i e s * 
(to) To a s s e s s the p a t t e r n s and extend, of n i g r a t l o n i of the: "weeds." 
frrom s i t e s of entry/ i * e * : access- roads and., stieep t r a c k s * 
( c ) To r e l a t e the d i s t r i b u t i o n of. the "weeds" to edaphic factors> 
of the h a b i t a t * 
The d e f i n i t i o n ) of a "weed." used throughout t h i s study i s a 
p l a n t °'im any, s p e c i f i e d geographica l a r e a * whose, papu la t ions groht. 
e n t i r e l y or predominantly i n . s i t u a t i o n s markedly d is turbed, by man 
(without , , of c o u r s e , being d e l i b e r a t e l y c u l t i v a t e d p l a n t s ) " 
( B a k e r 1965.)* In , t h i s case a weed; i s a p l a n t which does not 
n a t u r a l l y grow on the f e l l and has been introduced; and s p r e a d as 
a r e s u l t off man and h i s an imals* The two main weeds which; are; 
cons idered are B s l l i s perannia; (Linra*,) and Poa annua; ( L i n n * ) * 
These were s e l e c t e d a f t e r an i n i t i a l survey which showed them t o 
bes the most abundant invaders;* Hidiueuexr, the presence of the 
f o l l o w i n g s p e c i e s was a l so recorded: Saoina procunrbens ( L i n n * ) ; 
Cerastiumi hoJ-OBtgoides ( F r * ) ; j Ranunculus; repens ( L i n n * ) and; 
Taraxacum; o f f i c i n a l e ( U e b e r ) * The: weeds are. regarded a s a 
p a s s i b l e t h r e a t to the reiie p l a n t s * They may cause, i n t e r f e r e n c e : 
im terms of spaces^ water* n u t r i e n t s and l i g h t ; t o x i c exudates;* 
The. degree of competitioni w i l l depend on the weather; s u i l con d i t i ons 
and weed c h a r a c t e r i s t i c s i n c l u d i n g papula t ion d e n s i t i e s * The. 
c h a r a c t e r i s t i c s of these s p e c i e s which make them a t h r e a t to other: 
p l a n t s can> be enumerated as f o l l o w s : 
( i ) (deeds have a wide t o l e r a n c e of v a r i a t i o n s i n the p h y s i c a l 
environment e . g » : temperature extremes; h igh evaporat ion 
r a t e s ; puddled s u r f a c e s and high r u n o f f r a t e s . 
( i i ) Weeds have adaptat ions f o r both long and s h o r t d i s t a n c e 
d i s p e r s a l , e.g.. Taraxacum o f f i c i n a l e * and a l so make u s e 
of man. as a d i s p e r s a l agent* 
MftP » : T H E L O C f l T ( O K I OF T H E S T U D Y ftREA 
N 
C r o s s 
Fell 
II 
Co-/ (jrac 
Heir. 
V P u f r a n Fell ism 
C r o n k l 
Pt . l l 
t"Vlr-h»n Rail rtickl 
P«.ll 
lO Scale fni 
fip Tow 
(iiiiiL) Weeds are s e l f - c o m p a t i b l e so that there i s no. need. ,for other-
weeds of the same s p e c i e s to be p r e s e n t . 
( i iu) Weeds have good powers; of v e g e t a t i v e reproduct ion and thee 
abili i ity to regenerate wheni div ided, infccu fragments e » g . : 
Ranunculus repens . . 
(v.) Weeds have a strong, compet i t ive a b i l i t y / * T h e i r p h y s i o l o g i c a l 
a t t r i b u t e s i n c l u d e e f f i c i e n t icni uptake and r a p i d Eocot growth** 
T h e i r morphological a t t r i b u t e s i n c l u d e an; a b i l i t y to s i iada out: 
compet i tors and the: production) of r o s e t t e s : aft' l eaves which; 
spread c l o s e to the ground and smother competitors , , a :»g> 
EEelMs perenrniis and Traraxacutro o f f i c i n a l e . , 
Annual weeds such as Poa annus and; Saoirra prjttsuntben's: haves 
other: compet i t ive c h a r a c t e r i s t i c s . . 
( i ) Annuals have a highi output o f seeds i n favourable c o n d i t i o n s 
and at l e a s t same output even in; very/ poor conditions;. , 
( i i ) Seed, product ion begins a f t e r only a s h o r t per iod a:f vegetat ive: 
growth.. 
( i i i ) Seed production; i s spread, over a long period) of the growth of the 
weed e . g . : Poa annua has seed- product ion and germiniatiom a l l 
year round* 
( i iVv) Annuals have v a r i a b l e seed dormancy and c o n s i d e r a b l e llongestity 
of seeds im the s o i l . , 
( v ) Annuals have no s p e c i a l environment all requirements f o r 
germinatiom e.g..: 9u$a of Saglna pracumbena saeeris germinate: 
w i t h i m f i v e days of the f i r s t , germination. ( S a l i s b u r y 1961);; 
Poa annua i s capable a f germination) between S and S ° C . 
( v i ) Annuals have r a p i d s e e d l i n g growth and e s t a b l i s h m e n t * 
ETelTrs perenrtiis i s a weed! tahictfc has grown, am Widdybank F e l l f o r 
a long time (probably over - 150 y e a r s ) s i n c e i t i s a common member- pfT 
c a l c a r e o u s p a s t u r e comuunitiesBw, Indeed Sh iraue l l (1959) argues t h a t 
i t i s a n a t u r a l member of l imestone g r a s s l a n d s * T h i s may not be t rue 
because g e l l i s perenni s i s c e r t a i n l y more abundant in . a r e a s where there' 
has been: trampling and i n t e n s i v e grazing^* Never the les s i t i s t i e l l 
s u i t e d to a dry g r a s s l a n d type h a b i t a t . . I n c o n t r a s t Poa annua i s a 
much more r e c e n t weed, in . the area*, I t was not recorded i n a survey 
along the BBlrkdale Track in; 196B, and 1970 (Enrais and Simpson;) ami i s 
only mentioned once by Piggot (1956 )* Poa annua has: only become 
abundant s i n c e the war and p a r t i c u l a r l y / i n the l a s t decade a s v i s i t e r s 
have come i n . i n c r e a s i n g numbers* Therefore i t i s probably a much 
t e t t e r i n d i c a t i o n ! of the. extent of the. problem;* B e l l i a 
perBnnis; and Poa annua together represen t a l a r g e proportion! ocf the 
tiieedi growth am Uiddyhank F e l l * . 
The two main agents which are regarded ass the cause of the? weed, 
problem: are sheep and man., There are approximately 5,0DID Swaleda le 
and Cheviot sheep on the f e l l , with am average of 2.-3) ewes + Lamb/ha' 
They w i l l graze on the f e l l throughout the y e a r i f the us a then £ s goad1 
However, i n had:years the f e l l i s used j u s t f o r summer p a s t u r e * Tnis 
graz ing p r a c t i c e has been used for aver one hundred y e a r s * V i s i t o r s 
have come to the area i n l a r g e numbers for the l a s t 20.-30 y e a r s * 
Numbers are p a r t i c u l a r l y high at weekends during the summer when, 
between 1,0003 and 2,0011 people may walk along the ESr-kdales Track to. 
Cauldroro Snout: during one day* Therej are a l s o l o c a l farmers what u s s 
both the: B i r k d a l e Track and the sheep t r a c k s a c r o s s the f e l l * The 
im/as ion i of weed, s p e c i e s ini Uiddyhank F e l l i s regarded ass a s e r i o u s 
problem because the area iis a major l o c a t i o n o f s p e c i e s r a r e i n 
B r i t a i n * There haue beeni many s t u d i e s of the; vegetation; in . the area 
i n c l u d i n g : work by P i g p t t (1956)* Bradshaw and C l a r k ( 1 9 6 5 ) . Brads haw. 
(19663) and Jones ( 1 9 7 S ) * A study of weedj invasion) iis am important, 
supplement to t h i s work* The mature. Conservancy are making, every 
e f f o r t to preserve the v e g e t a t i o n of Widdybank. F e l l and one of the 
major t h r e a t s to the n a t u r a l p l a n t communities: are weed; s p e c i e s * 
- 5 -
CHAPTER; 1 - PTAPRIME THE DISIRISUUP6I! OF lilEEDS, 
The? mapped area iis the land bordering Red S i k e " to: the.; north 
and e a s t where a l a r g e number of sheep t r a c k s , can be found. (Hap 2 ) . 
T h i s , l o c a t i o n also; inc ludes : s e v e r a l s i t e s conta in ing many/ of the; 
Teesdale r a r i t i e s ; ( T a b l e 1 ) . 
Four sheepj t r a c k s were s e l ec t ed , for d e t a i l e d , a n a l y s i s * They/ 
were chasem because they are. w e l l worn, appear t o be, used, f r e q u e n t l y 
by the sheep and harbour the; weed s p e c i e s s e l e c t e d , f o r s t u d y . The 
four paths rum approximately p a r a l l e l , to the contours, a t d i f f e r e n t 
a l t i t u d e s . . They w i l l be r e f e r r e d to as the- Summit Track ( a t 5f2mi);; 
the Top Track (a$fc 5-OBmi); the d i d d l e Track, (which crosses , the contours 
oMliquely/ and connects the Lowes t Track w i t h the Top Track;) ; and the 
. . . . 
Lowest Track ( a t 496m)* The Summit Track was fol lowed f o r SQQm:* At 
e i ther , endi of t h i s sect iora a d d i t i o n a l , segments of t r a c k - w h i c h connected 
the path, with, the Top Track were, studied; as w e l l * The Top* Track was 
fo l lowed from; the ffiirkdale T r a c k f o r 1200m; u n t i l i t entered an area o f 
l imestone, f l u s h e s ; over looking the= R i v e r Tees south of the danr* Here 
the. path subd iv ides and weeds are very s p a r s e * Beyond the. f l u s h e s , t h e 
t r a c k passes through meadows down to the. r i v e r and weeds a r e again 
p r e s e n t * O r i g i n a l l y i t had been, in tended to fo l low the. p a t h u n t i l no 
more weeds were found* However, s i n c e weeds were observed a longthe 
whole length of the t rack , ; the study, concentra ted on, the f i r s t , s e c t i o n 
as f a r as the l imestone f l u s h e s * The d i d d l e Track was; follojued. fox 
SO-Qmi fromi 'Blameless Sx&ec where i t j o i n s the Lowest Track to i t s 
Junc t ion with the Top T r a c k * F i n a l l y * the Lowest Track was fo l lowed 
fronn t h e S i r k d a l e Track to the j u n c t i o n of the Sugar L imes tone and 
the Idhim S i l l where no: moxe weeds were found,; a: t o t a l length, of 10DQm* 
There fore the network under study i s completely l i n k e d . tUeedss i n any 
ania sec t ion; of the path can in, theory be c a r r i e d by sheep to. any other 
p a r t of t h e t r a c k s . 
Along each speefj) t rack a 3£)cm quadrat", was taken a t 5mi i n t e r v a l s . 
The q u a d r a t / adze corresponded; to the; width o;f the t r a c k s so t h a t the 
i n i t i a l r ecords were conf ined to the. t r a c k s t h e m s e l v e s . I n eacfcri 
quadrgt/"-, the .percentage cover of Be l l i s o e r e n n i s and Poa annua wass 
recorded* The presence of the. o ther named weeds and the percentage 
• a r e ground was a l so noted*. The nature of t h e vegetat ion border ing 
the t r a c k was descr ibed. - whether CaeLluna v u l g a r i s heathland. or open 
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'iTAffiLE 1 : L I S T OF KAHE. PLANTS FOUft'D ON WIUDYflANK FEL L 
tHlslianthenum canumi 
Carexi e r i e e t o r i u m i 
Eriophoruim l a t i f o l i u m 
Galium b:oreale 
P o l y g a l a amara 
Sedurni \ixill.osum 
V i o l a r u p e s t r i s 
A l c h e m i l l l a subtcr an,a%a 
A n t e n n a r i a d i o i c a 
• uncus a l p i m x - a r t i o u l a t u s 
(Leucor c h i s a l b i d a 
L i s t e r a c o r d a t a 
P o t e n : t i l L a f r u t i c o s a 
P r i m u l a f a r i n o s a 
T r o l l i u s europeaus 
B - a r t s i a a l p i n a 
Carex c a p i l l a r i s 
Drab a i n c a n a 
Dryas o c t o p e t a l a 
K o b r e s i a s i m p l i c i u s c u l a 
M i n u a r t i s s t r i c t a 
Polygonum; viv/iparumi 
P o t e n t i l l a c r a n t z i i 
G e n t i a n a werna 
"flhlaspi alp.estr8. 
f'lyosotis a l p e s t r i s 
S a x i f r a g a a i z ; o i d e s 
S a x i f r a g a s t e l L a r i a 
Sedum r o s e a 
T h a l i c t r u m ; alpinurm 
T o f i i e l d i a p u s i l l a . 
Botrychium. l u n a r i a 
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g r a s s l a n d * . T h i s i s a s i m p l e d i v i s i o n which was adopted be c a u s e 
i n i t i a l o b s e r v a t i o n s u g g e s t e d a marked c o r r e l a t i o n between the weed 
s p e c i e s s r e c o r d e d and t h e s e two u e g e t a t i o m t y p e s ( p l a t e s 2 and ! ) • 
Two new s e c t i o n s of t r a c k c r e a t e d where the f a r m e r has p l a c e d p r o t e i n 
b l o c k s f o r the sheep had no weeds but they uisre roapned f o r f u t u r e 
reference;.. 
The complete mapping of weeds i n two sheep hollows: was a l s o 
c a r r i e d out u s i n g 3Dcmi quadrats;., These a r e a s were s e l e c t e d f o e 
d e t a i l e d a n a l y s i s b e c a u s e of t h e i r h i g h c o n c e n t r a t i o n i o f weeds. 
Both h o l l o w s a r e s h e l t e r e d s p o t s where sheep tend: to c o n g r e g a t e . 
One h o l l o w i s l o c a t e d , j u s t below th e m iddle T r a c k i n an a r e a of 
g r a s s l a n d and i s connected! to the t r a c k by a s i d e p ath ( p l a t e 4)» 
The other, i s ini a h e a t h l a n d zone on, a minor t r a c k c o n n e c t i n g t h e 
Top T r a c k to the L o w e s t T r a c k . F i n a l l y the p r e s e n c e o f weeds was 
a l s o r e c o r d e d a t two r a b b i t w a r r e n s d e s e r t e d d u r i n g t % a 1950J*S 
m.y/xamateosiSB outbreak.. 
Once t h i s i n i t i a l s u r v e y work had beam completed i t became 
e u i d e n t t h a t : the f o u r t r a c k s had v e r y d i f f e r e n t c o n c e n t r a t i o n s : of 
weeds., The top T r a c k had t h e h i g h e s t c o n c e n t r a t i o n ! and was. 
c o n s e q u e n t l y s e l e c t e d ] f o r d e t a i l e d s t u d y * The d i s t r i b u t i o n of weeds 
o f f the t r a c k was p l o t t e d a t f i f t e e n s i t e s . F i v e of t h e s i t e s : were 
a t ZDm. i n t e r v a l s i n a zona, q h e r s bo thy, B e l l i s ; pe Tennis, and poa annua: 
were p r e s e n t ; f i u e int am a r e a off open g r a s s l a n d where, o n l y S e l l i s 
p e r B n n i s was found and f i v e in. a h e a t h l a n d s e c t i o n w i t h Poa annua.. 
At each of t h e s e permanent s i t e s a t r a n s e c t was t a k e n . A 3:0cm 
q u a d r a t was used: to r e c o r d the percentage: c u u e r of t h a weeds on, t h e 
t r a c k s The q u a d r a t was t h e n placed! immediately/ e i t h e r s i d e of t h e 
t r a c k and c o n t i n u o u s l y outwards u n t i l raoj more- weeds were, recemded . 
The same procedure: was adapted at. tan. s i t e s on, the L o w e s t T r a c k where 
i t p a s s e s through, g r a s s l a n d a r e a s c o n t a i n i n g T e e s d a l e r a r i t i e s ; , 
however, t h e r e were v e r y f e u weeds along t h e s e s e c t i o n s ; of t h e t r a c k . 
I n i t i a l l y i t had been intended, to s u r v e y the a r e a s w i t h r a r e p l a n t s i n 
more d e t a i l but t h e s e t r a n s e c t s c o n f i r m e d t h e absence of weeds t h e r e . 
Mapping of weed d i s t r i b u t i o n was a l s o c a r r i e d out a l o n g a., s e c t i o n 
o f the B i r k d a l e T r a c k . The l e n g t h chosen f o r a n a l y s i s i n c l u d e d the; 
a r e a where th e Lowest and Top T r a c k s meet the road.. I n t h i s way i t 
was hoped to l i n k up the p a t t e r n of weeU. d i s t r i b u t i o n by the road, 
w i t h t h a t on the sheep, t r a c k s . On the b i r k d a l e Track, t r a n s e c t s were 
t a k e n a t 2Dmi i n t e r v a l s u s i n g a 50cm: q u a d r a t . The l a r g e r s c a l e o f 
t h i s ; a n a l y s i s r e f l e c t s the g r e a t e r abundance and spread; of weeds h e r e . 
P l a t e . 22 :; g e l L i s a p B r e n r t i s growing; iro a g r a s s l a n d s e c t i o n 
o f t h e Top: Sneep Tirack. 
P l a t e 3 : Poa annua growing ini a heathlarodj secti-atii 
of the: Tiopj sheep Track: 
t 
m 
P l a t e 4 ; Sheep HOIIQMJ a w i t h a high, c o n c e r o t r a t i i a n ojf 
weeds; 
10 
-11 
Tines p r e s e n c e off* meeds was a l s o recorded: along t h e pcathi from: t h e 
B'irkdale T r a c k to Gas Boreholes 44 used iro 1 9 6 6. F i f ty random 
q u a d r a t s were t a k e n i n f u n n e l shaped a r e a s . ( 1 2 x 1S x 1.5 x t5mi) a t 
e i t h e r end of the p a t h . The same 3DCIH q u a d r a t was a l s o used too r e c o r d 
weeds; at. 5mi i n t e r v a l s a long the c o n n e c t i n g p a t h . I t . was: hoped! t h a t 
t h i s : s u r v e y would r e v e a l , the. i m p o r t a n c e of human d i s t u r b a n c e ; i n c a u s i n g 
weed] c o l o n i s a t i o n , and m i g r a t i o n . . One sheep t r a c k which: led. o f f t h i s 
p a t h was a l s o f o l l o w e d im a l e a p connecting; back to the B i r k d a l e T r a c k 
n e a r the WeteoxdJogical S t a t i o n . The p r e s e n c e of weeds; along t h i s 
t r a c k was recorded: u s i n g the t e c h n i q u e s : d e s c r i b e d , e a r l i e r . . 
The r e s u l t s of t h i s f i r s t phase of the f i e l d w o r k a r e i p r e s e n t e d 
ini s t a t i s t i c a l and c a r t o g r a p h i c formi. T h i s s e c t i o n i s d e s c r i p j t i u e 
and s i m p l y g i v e s some i d e a of the s c a l e o f the problem of weed i n v a s i o n . 
The c a l c u l a t i o n s a r e shown i n Appendix A. 
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The Piiaps: 3 and ~4\ r e c o x d the p r e s e n c e of the s e l e c t e d weed s p e c i e s , 
-phe H i g h e s t c o n c e n t r a t i o n s , of poa annua and B i e l l i s p e r e n n i s e x i s t , on, 
t h e Top Track.. T h i s i s measured as the p r o p o r t i o n i of, q u a d r a t s a l o n g 
the p a t h i n which the weeds were found!. The Twiddle and summit t r a c k s 
have i n t e r m e d i a t e weed cp nice n i t r a t i o n s w h i l e the Lowest i r a c k s u p p o r t s 
v e r y few weeds.* The p e r c e n t a g e c o v e r of the two weeds on t h e s e t r a c k s 
a l s o f o l l o w s the same pattern;.. T h i s o b s e r v a t i o n i s c o n f i r m e d by 
s t a t i s t i c a l a n a l y s i s u s i n g the C h i - s q u a r e d t e a t . F u r t h e r m o r e * 
n e i t h e r B e l l i s p e r e n n i s nor Poa annua a r e e v e n l y d i s t r i b u t e d a l o n g 
any of t h e t r a c k s . . The Chi-squared; t e s t shows t h a t t h e r e i s : a 
s i g n i f i c a n t d i f f e r e n c e in: the l o c a t i o n ) of t h e s e weeds. Poa annua i s 
found a l m o s t e x c l u s i v e l y a l o n g s e c t i o n s of the t r a c k b o r d e r e d by plant, 
a s s o c i a t i o n s i n which C a l l u r a a v u l g a r i s i s dominant* B e l l i s per.enn.is 
i s , l o c a t e d m a i n l y i n a r e a s of operji g r a s s l a n d . . I t shows, no s i g n i f i c a n t 
d e c l i n e i n abundance along t h e Lowest and Top T r a c k s as they are; 
f o l l o w e d , away from t h e B i r k d a l e T r a c k . T h i s d i s t r i b u t i o n ! i s a l s o 
observed, i n the c a s e of Poa annua which i s e q u a l l y abundant irii a l l a r e a s 
of h e a t h l a n d a l o n g the two t r a c k s . The Summit T r a c k has a s i g n i f i c a n t 
d e c l i n e i n weeds i n both d i r e c t i o n s away from a c e n i t r a l a r e a where, the 
p a t h widens and weed c o n c e n t r a t i o n s a r e v e r y high., S e v e r a l p a t h s were 
f o l l o w e d away from t h e s e high, c o n c e n t r a t i o n s ; off weeds,, most of therni 
c o n n e c t i n g w i t h the Top Track.. However, the weeds hav/e mot s p r e a d v e r y 
f a r a l o n g t h e s e t r a c k s e i t h e r from the c e n t r a l a r e a on t h e Summit I r a c k 
or from the Top Track*, The (diddle T r a c k does not show a s i g n i f i c a n t 
t r e n d i i n the d i s t r i b u t i o n ! o f B e l l i s perennds and Poa annua a l o n g i t s 
length.,, I s o l a t e d p a t c h e s of both weeds were a l s o found om t h e Lowest 
and Summit T r a c k s o v e r 250mi from the miairo s t r e t c h of weeds. 
The d i s t r i b u t i o n ! of the o t h e r f o u r weed s p e c i e s a l o n g t h e sheep 
t r a c k s i s a l s o d e s c r i b e d s t a t i s t i c a l l y and c a r t o g r a p h i c a l l y (f'iap-5). 
The C h i - s q u a r e d t e s t i n d i c a t e s t h a t t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e i n t h e l o c a t i o n ! of t h e s e weeds b e t w e e n , h e a t h l a n d and 
g r a s s l a n d a r e a s . R a n u n c u l u s rapens; and Satiaina proxsumtieras. a r e found 
m a i n l y i n t h e g r a s s l a n d s e c t i o n s of the t r a c k s * However, Taraxacum 
o f f i c i n a l e and C e r a s t i i u m hoJims t e g a i des show no s i n n i f i c a n t d i f f e r e n c e 
irr. t h e i r d i s t r i b u t i o n s between the two v e g e t a t i o n t y p e s . I n d e e d a l l 
f o u r weeds a r e found i n both, e n v i r o n m e n t s . T h i s c o n t r a s t s w i t h t h e 
a l m o s t complete c o n f i n e m e n t of Poa annua to the h e a t h l a n d z o n e s . 
With the e x c e p t i o m of Taraxactimi o f f i c i n a l e t h e s e weeds a l s o d e c l i n e in. 
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abutrdanicfi oil; the ^op. T r a c k as d i s t a n c e frorni the B i r k d a l e Track: 
i n c r e a s e s . , They were not r e c o r d e d in; s u f f i c i e n t numbers on th,e ' 
o t h e r t r a c k s to t e s t t h e i r distribution© s t a t i s t i c a l l y . 
In, the tsGD h o l l o w s w h i c h were s t u d i e d in. d e t a i l , weeds w e r a v e r y 
abundant - B i e l l i s p e r e n n i i a i n the h o l l o w b o r d e r i n g g r a s s l a n d and 
poa annaa in; the h o l l o w w i t h i n , h e a t h l a n d . R a n u n c u l u s repens; and also; 
Cerasstiumi h o l e s t e o i d e s were a l s o r e c o r d e d v e r y f r e q u e n t l y . I n d e e d , 
R a n u n c u l u s rep ens, had the h i g h e s t p e r c e n t a g e c o v e r of any weed. 
Taraxacum; o f f i c l n r a l e - was f a i r l y abundant but S a q i n a procumbens was 
c o m p l e t e l y a b s e n t from; t h e s e hollows.. ( T a b l e s 2 and 3 ) . 
The permanent q u a d r a t s on, t h e Top T r a c k gave an, i n d i c a t i o n ; of 
the weed d i s t r i b u t i o n away from, tne pzath ( F i g u r e s 1, 2 and 3 ) . In; 
g e n e r a l , n e i t h e r B e l l i s p erenmis nor: Poa annua a r e found f u r t h e r t h a n 
1m from the t r a c k . Poa annua tended to have a s l i g h t l y more; 
r e s t r i c t e d d i s t r i b u t i o n t h a n B e l l i s p e r e n n i s . I t s o c c u r e n c e i s : 
n e g a t i v e l y c o r r e l a t e d w i t h the p r e s e n c e of C a l l u m a v u l g a r i s . . I n t h e 
g r a s s l a n d a r e a s no s p e c i e d showed s i g n i f i c a n t p o s i t i v e or n e g a t i v e 
c o r r e l a t i o n s w i t h B a l l i s perenrais.. The v e g e t a t i o n : h e r e i s much more 
often... The o n l y o t h e r weed recorded, f r e q u e n t l y away from the t r a c k 
was; C e r a s t i u m h o l o s t e o i d e s ; . A l l the weeds show a r a p i d d e c l i n e i n 
abundance away from; the t r a c k . They do no.t p o s s e s s , a p a t c h y 
d i s t r i b u t i o n ^ o r r e a p p e a r even f u r t h e r away fromi t h e main, p a t h . 
However,, t h e r e a r e s m a l l p o e k e t s of weeds ttere; minor t r a c k s t r a v e r s e ; 
the a r e a . 
On the Lowest T r a c k the permanent q u a d r a t s f a i l e d to record, any 
weeds o f f the t r a c k i n the two g r a s s l a n d s e c t i o n s where s e v e r a l s p e c i e s 
of r a r e p l a n t s o c c u r . T h i s s i t u a t i o n a p p l i e d even along the few 
s e c t i o n s of t r a c k where fc&lis p e r e n n i s grows on; the p a t h i t s e l f . . A t 
p r e s e n t the danger o f weeds and r a r e p l a n t s growing i n the same 
l o c a l i t i e s and coming i n t o c o m p e t i t i o n i s v e r y s l i g h t . There a r e two 
r a r e s p e c i e s which a r e r e c o r d e d f r e q u e n t l y i n the- same q u a d r a t s a s 
ueedsj both on and o f f the t r a c k s . . These a r e C e n t i n a v e r n a and 
P r i m u l a f a r i n o s a . , They d i d not appear to be s u f f e r i n g any i l l - e f f e c t s , 
from the p r e s e n t s ? o f weeds or fromi trampling, ( P l a t e s S and 6 ) . 
Howeuer, a r e p e a t s u r v e y i n a few y e a r s would be n e c e s s a r y to d e t e r m i n e 
whether the r a r e p l a n t s were d e c l i n i n g i n abundance a l o n g the t r a c k s 
and n e i g h b o u r i n g g r o u n d . Blotrvchium; l u n a r i a and P i n q u i c u l a v u l g a r i s 
were each r e c o r d e d once i n : quadrats, on th e sheep, t r a c k s , the f o r m e r 
i n c l o s e p r o x i m i t y to ttellis p e r e n n l s . Again a r e p e a t s u r v e y would be. 
- 1 7 -
TAB.LE 2 t DISTRIBUTION. OF UEEuS HM SHEEP HOLLDIJ A 
Comtinuous: 30(3111, quadrats; along the h o l l o w fromi n o r t h - w e s t to, 
s o u t h - e a s t . . 
HX" r e c o r d s t h e p r e s e n c e of weeds on bare ground.. 
B e l l i sr. Poa Cerastium. 
p e r e n n l s annua h o l o s t e o i d e s 
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> 1 0 % 
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T A B L j 3_ s BISTRIBTr'JIOIT OF USED 5 I IT EOLLOT7 3 
Continuous 50 era q u a d r a t s a l o n g the h o l l o w from Portia to south.. 
"X" r e c o r d s the presence o f weeds or bare g r o u n d 0 
Poa 
annua 
C e r & s t i u r i Ranunptilus ^arajra^cui'i 
o f f i c i n a l e 
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KEY iU FlbURES 
T-j » T 3 e t c . . s T r a n s e c t numbers. 
QlhJ Q2uj e t c . s Quadrat numbers for western: s i d e of t r a c k . 
; Q2fL e t c . , : Quadrat numbers For e a s t e r n s i d e of t r a c k . 
i Percentage cover of B e l l i e s perenni is . 
4. : Percentage cover of Poa annua. 
C i Presence of Cerast ium, h o l o s t e o i d e s . 
K 1 Presence of Ranunculus r e p e n s . 
5 5 Presence of Saqina procumbens. 
T : Presence of Taraxacum; o f f i c i n a l e . . 
X 5 Presence of C i rs ium arvense.-
6 i Presence of Gent iana v/arrta. 
P : Presence of Pr imula f a r i n o s a . 
: Bore than, 10% bare ground. 
S c a l e : 1 cm to 30 cm. 
r 
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mecessary/ to a s s e s s the performance of these plarots* The r a r i t y of 
the s p e i e s invo lved makes i t d i f f i c u l t to g ive a s t a t i s t i c a l measure 
of the changes occur ing along the t r a c k s * 
There are no weeds a c t u a l l y on; the ffiLrkdale: i rack which i s a. 
t a r r e d road s u r f a c e . . However, people tend to wander off the t r a c k 
and weeds are abundant on e i t h e r s ide* . The weed d i s t r i b u t i o n : recorded 
on the Hiirkdale Track can: be d iv ided in to three; miainn s e c t i o n s ; * t h a 
f i r s t nor thern s e c t i o n runs through an: a rea of open g r a s s l a n d vegetat ion; 
and i n c l u d e s the s t a r t of the Top and Lowest sheep t r a c k s . * Here weeds 
spread up to 10m, from the s i d e of the road ( F i g u r e s 4 , 5 and 6 ) . O E I 
the west s i d e of the t r a c k the average width of the. weed b e l t i s ; 2»2tn, on 
the e a s t s i d e i t i s 3..1m;., The Ch i -squared t e s t i n d i c a t e s a s i g n i f i c a n t l y 
g rea te r spread of weeds on> the e a s t e r n edge of the B i r k d a l e Track ( P l a t e . 
"5). Th is i s i probably because more people walk an t h i s verge where 
ground i s f l a t t e r and the vegetat ion: more open:. As in: the a reas of 
opera; g r a s s l a n d om the sheep t r a c k s B e l l i s persnn is ; predominates . 
There i s a s i g n i f i c a n t l y g rea te r concentra t ion! of B ;e l l i s perennasj 1to 
i n t o the verge compared with the grounidi immediately border ing the; 
S i r k d a l e Track.* In c o n t r a s t , a l l the Paa.;annua, recorded i s conf ined 
to the immediate edge of the road* The other weeds recorded are much 
more abundant than, on: the sheep t r a c k s with the exception! of 
Ranunculus: rep ens;. The presence of Cirsiumi ar v e r s e was a l s o noted; i n s 
f 
s e v e r a l t r a n s e c t s . - In; most c a s e s the f i r s t qusdrafc in; each t r a n s e c t 
recorded a very high percentage of? b a r e ground c o n s i s t i n g l a r g e l y of 
iLoose g r a v e l * The weeds d e c l i n e d very g r a d u a l l y away from t h e i r peak 
of abundance. The i r spread was much more e x t e n s i v e than that: observed 
froirn the sheep t r a c k s * 
The middle s e c t i o n of the; ESrkdaleTrack runs for 2QQnk through, a? 
heathland zone from Red Siker. south, to the s t a r t of the new sect ion: 
of road b u i l t in ; 1970 at the time of dam c o n s t r u c t i o n s The roads ide 
v/erge has a s i g n i f i c a n t l y lower c o n c e n t r a t i o n and spreadj of weeds than 
the prev ious zome ( F i g u r e s 7 and 8 ) * Poe annua i s the dominant weed 
and ffellis perenn is i s only recorded, once. The other weeds were not 
recorded very f requent ly wi th the exception; of Sagirra pxocumbens;. 
In some t r a n s e c t s t h i s s p e c i e s gave higher: percentage cover than Poa 
anmua.. Un l i ke the prev ious s e c t i o n the weeds are most abundant i n the 
f i r s t quadrat of the t r a n s e c t * They a l s o d e c l i n e much more r a p i d l y 
away from the r o a d * The presenile of C a l l u n a v u l g a r i s was, n e g a t i v e l y 
c o r r e l a t e d with tha t of Poa annua* T h i s i s the same type o.f 
d i s t r i b u t i o n ! as recorded: on the heathland p a r t s of the sfreap t r a c k s . . 
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TTh e s o u t h e r n s e c t i o n ; o f t h e B r k d a l e . T r a c k i s t h e f i l r s t 2D£lni o f 
t h e new r o a d . A l t h o u g h i t i s much more- r e c e n t t h a i * the^ p r e v i o u s 
s e c t i o n and a l s o f u r t h e r from-, t h e c a r p a r k t h e - weed, d i s t r i b u t i o n ! i s 
v e r y s i m i t a r ( F i g u r e s 9 and 1 0 ) „ A o a i n i B e l l i s p e r e n n i s ; i s o n l y 
r e c o r d e d - o n c e and Poa a n n u a p r e d o m i n a t e s . . 5 a g i n a p r o c u m b e n s ; i s the 
o j t h e r m a j o r weed ini t h e a r e a * The d i s t r i b u t i o n anid s p r e a d o:f t h e s e : 
t w o weeds i s c o m p a r a b l e t o t h a t om t h e oxL.d s e c t i o n ! o f t r a c k * Ira m o s t 
c a s e s t h e weeds a r e c o n f i n e d t o aa Znv. s t r i p o f l a n d b e t w e e n t h e r o a d an.d 
a d i t c h . , , T h i s may a c t as a b a r r i e r t o f u r t h e r : s p r e a d t o g e t h e r , w i t h t h e 
d e n s e h e a t h l a n d on, t h e f a r s i d e o f t h e d i t c h . . I h e a m o u n t o f 
d i s t u r b a n c e and t h e p e r c e n t a g e b a r e g r o u n d i s . much g r e a t e r a l o n g t h i s 
s e c t i o m o f t h e t r a c k t h a n , e l s e w h e r e * T h i s r e f l e c t s t h e c o n s t r u c t i o n 
w o r k c a r r i e d on h e r e i n . a s s o c i a t i o n w i t h t h e r e s e r v o i r * I t must , 
e n h a n c e wee;di i n v a s i o n ! c o m p a r e d w i t h o t n e r s e c t i o n s ; o f t h e B i r k d a l f i ; 
T r a c k w h e r e t r a m p l i n g ; by v i s i t o r s i s t h e m a i n , d i s t u r b a n c e . . 
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T i h i s d e s c r i p t i o n ! o f t h e a i s t r i b u t i o n i o.f weeds h a s been, u s e d t o 
c o n s t r u c t t w o h y p e t h e s e s s . . T o g e t h e r t h e y c o u l d e x p l a i n , t h e l o c a t i o n 
and s p r e a d off weeds and t h e d i f f e r e n c e s b e t w e e n s p e c i e s . Tihe two. 
s u g g e s t i o n s a r e . : -
1. . . Tihe l o c a t i o n and s p r e a d o f weeds c a n be e x p l a i n e d by t h e i u 
d i s p e r s a l m e c h a n i s m s • The d i s t r u b t i o n o f weeds an t h e sheepo t r a c k s 
i s d e p e n d a n t on d i s p e r s a l by s h e e p and w i r a d . M i g r a t i o n o-f w e e d s 
o f f t h e t r a c k s i s s u b j e c t t o t h e same d i s p e r s a l m e c h a n i s m s ; 
t o g e t h e r w i t h v e g e t a t i v e s p r e a d ! * The d i s t r i b u t i o n o f weeds an 
t h e S i r k d a l e i r a c k i s d e p e n d a n t on d i s p e r s a l by man. amid w i n d and. 
a l s o p o s s i b l y by sheep; . . M i g r a t i o n o f weeds away f r o m i t h e r o a d : may 
be a r e s u l t , o f v e g e t a t i v e s p r e a d as w e l l * 
2 . . The d i s t r i b u t i o n ! o f weeds oni t h e t r a c k s i s d e p e n d a n t on t h e s o i l 
c h a r a c t e r i s t i c s * The l o c a t i o n o f i n d i v i d u a l weed- s p e c i e s ; miay b e 
a r e s p o n s e t o i n h e r e n t s o i l c o n d i t i o n s * The o v e r a l l l o c a t i o n and 
s p r e a d o f weeds on t h e s h e e p t r a c k s i s d e p e n d a n t om s h e e p t r a m o i i n g , 
a n d f e r t i l i s a t i o n ! o f t h e s o i l * t in, t h e B i r k d a l e T r a c k weeal 
d i s t r i b u t i o n s a r e r e l a t e d t o humian t r a m p l i n g and p o s s i b l y 
f e r t i l i s a t i o n by l i t t e r d i s p o s a l o r s h e e p d r o p p i n g ® * 
B o t h e x p l a n a t i o n s a r e b a s e d p a r t l y , on, p h y s i c a l c o n d i t i o n s i t * 
t h e a r e a and p a r t l y on t h e i n h e r e n t c h a r a c t e r i s t i c s o f t h e w e e d s * 
CHAPTER 2 - DISPERSAL AlMU M.GRAI ION OF WEEDS 
T h i s s e c t i o . r u o f t h e . f i e l d w o n k a i m e d t o r e l a t e t h e d i s t r i b u t i o n o f 
weeds t o t h e i r d i s p e r s a l m e c h a n i s m s . On t h e sheep ; t r a c k s t h e m a j o r i t y 
o f weed! d i s p e r s a l m u s t be p e r f o r m e d by w i n d , and s h e e p . . p e o p l e are= n o t -
p e r m i t t e d t o l e a v e t h e B i r k d a l e T r a c k and ini p r a c t i c e v e r y f e u w a n d e r 
f a r f r o m i t h e road . . . Uinrd d i s p e r s a l i s a s s e s s e d , a c c o r d i n g t o t h e t y p s 
o f s e e d s p r o d u c e d by e a c h s p e c i e s . . D i s p e r s a l by s h e e p was e x a m i n e d : 
as a p o s s i b l e d i s p e r s a l mechan ism* by s t u d y i n g sheep) movemen ts i ra t h e 
f i e l d . Humam movemen ts w e r e a l s o c o n s i d e r e d i n . t h e c a s e o f t h e 
B i r k d a l e T r a c k . „ 
V a r i o u s m e t h o d s w e r e a d o p t e d t o a s s e s s t h e i m p o r t a n c e o f weed 
d i s p e r s a l by s h e e p . . I t was n e c e s s a r y t o d e t e r m i n e t h e r e l a t i v e a m o u n t 
o f u s e r e c e i v e d by t h e f o u r s h e e p t r a c k s . , F i r s t l y , t h e f r e q u e n c y of 
f r e s h d r o p p i n g s a l o n g t h e t r a c k s was r e c o r d e d ) . . T h i s i s a q u a n t i t a t i v e ; 
[measure o f t h e r e l a t i v e a m o u n t o f t r a m p l i n g a n d g r a z i n g a l o n g e a c h t r a c k . 
D i r e c t , o b s e r v a t i o n , o f sheep b e h a v i o u r , , p o s i t i o n and movement , w a s a 
q u a l i t a t i v e s u p p l e m e n t t o t h i s i n f o r m a t i o n * T h i s was c a r r i e d o u t by; 
s i t t i n g on a h i g h p o i n t w h e r e m o s t o f t h e s t u d y a r e a c o u l d be. v i e w e d a t 
o n c e * The s h e e p were , o b s e r v e d wi th b i n o c u l a r s . Thus t h e i r mojvements 
w e r e n o t d e t e r m i n e d o r a f f e c t e d by human; p r e s e n c e . T h i s s y s t e m ; was u s e d 
a t v a r i o u s t i n r a s b e t w e e n , 8 a . jn . . t o . 8 p*rn,* As much as p a s s i b l e , o f t h e 
d i u r n a l r h y t h m o f t h e s h e e p was r e c o r d e d so t h a t any r e g u l a r . ' mojvemerrts; 
w e r e n o t m i s s e d . . The d i r e c t , o b s e r v a t i o n Ojf s h e e p i s v e r y i m p o r t a n t i n 
i n d i c a t i n g p a s s i b l e d i r e c t i o n s ojf weed; s p r e a d as w e l l a s a c t u a l a m o u n t s 
o f t r a m p l i n g and u s e o f t h e t r a c k s * The B i r k a a l e T r a c k , i s E e g a r d e d : a s 
t h e ma i l t , s o u n c e o f weeds. . T h e i r d i s t r i b u t i o n am t h e sheep j t r a c k s i s 
a s s e s s e d i n r e l a t i o n , t o t h i s s u p p l y * Howeve r , , i f any r e l i a b l e f a c t s 
a f o o u t m i g r a t i o n ! o f weeds a r e t o be o b t a i n e d i t w i l l be n e c e s s a r y t o 
r e p e a t t h e miapwork i n 5-TQ) y e a r s ' t i m e * T h i s w i l l i n d i c a t e w h e t h e r weeds; 
a r e s t i l l s p r e a d i n g o r w h e t h e r t h e p i c t u r e i s s t a t i c and t h e r e i ss tiro 
i n c r e a s i n g d a n g e r , o f weed: i n v a & i d Q ' * C o n d i t i o n s w i l l a l s o c h a n g e w i t h i an 
i n c r e a s e i n ; human i n t e r f e r e n c e o r a n i n c r e a s e i n i sheepo s t o c k i n g on; t h e 
f e l l . . These f a c t o r s s h o u l d a l s o be m o n i t o r e d o v e r t h e same t i m e p e r i o d . 
UJTI t h e B i r k d a l e T r a c k m i g r a t i o n off weeds was a s s e s s e d by r e p e a t i n g ; 
a s u r v e y c a r r i e d i o u t i n i T9S8 and 1 9 7 0 * Two. 14Dm: s e c t i o n s and one HQjQnj 
s e c t i o n ^ , o f t r a c k w e r e s t u d i e d by t a k i n g f i v e r a n d o m 20m. q u a d x a t s i n ; e v e r y 
Tim s t r e t c h o f g r o u n d * The a r e a u n d e r s t u d y was a 1 »5m w i d e s t r i p ; o f 
l a n d e i t h e r s i d e o f t h e t r a c k * T h i s - s u r v e y g a v e somia m e a s u r e erf 
t e m p o r a l c h a n g e s i n weed d i s t r i b u t i o n s ! * V i s i t o r s and l o i c a l f a r m e r s 
a r r i v i n g fromi o u t s i d e t h e i m m e d i a t e a r e a a r e r e g a r d e d as t h e ma in , s o u r c e 
I 
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ctfr weads f o r t h e g i r k d a l e T r a c k * 
The s t a t i s t i c a l r e s u l t s fromi t h i s s e c t i o m a r e g i v e n , i n i A p p e n d i x 8 * 
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RESULTS AND Dl 'SCUttSluff l 
3 The d i s p e r s a l m e c h a n i s m s o f t h e s i x weed s p e c i e s i n t h e s t u d y w e r e , 
a s s e s s e d . . I t i s . ; h o p e d t h a t t h i s s u r v e y w i l l ! h e l p ; t o e x p l a i n t h e 
c o n t r a s t i n g , d i s t r i b u t i o n s o f t h e s e weeds and t h e i r o v e r a l l 1 c o c a t i o n on 
Widdiytoank K e l l . . . F i r s t l y , t h e p o s s i b i l i t y o f w i n d d i s p e r s a l w i l l be ; 
c o n s i d e r e d . . S e c o n d l y , a n i m a l d i s p e r s a l , p a r t i c u l a r l y by s h e e p * i s 
d i s c u s s e d l * Tihe s p e c i e s a r e i r a n k e d i n o r d e r : o f t n e i r a b i l i t y t o , s p r e a d ! 
by t h e s e m e c h a n i s m s . , 
Taraxacum) o f f i c i n a l e : h a s t h e s m a l l e s t s e e d s . They a r e a l s o 
e q u i p p e d w i t l t i p a p p u s t o a i d w i n d d i s p e r s a l * p o a a n n u a has v e r y s m a l l 
s e e d s b u t no a d d i t i o n a l d i s p e r s a l m e c h a n i s m s . , B B i l l s p e r e n r o l s h a s s m a l l 
a c h e n e s b u t a g a i n * no d i s p e r s a l a i d s * B o t h S a q i n a p r o c u a o e n s ; a n d 
C e r a s t i u m i h o l o s t e o i d e s h a v e l a r g e r s e e d s w h i c h a r e f i r e d f r o m ; v a l v e s on. 
t h e p l a n t * They p o s s e s s ; no a d a p t a t i o n s t o . a s s i s t w i n d d i s p e r s a l * 
R a n u n c u l u s ; r e p a n s h a s by f a r t h e l a r g e s t s e e d s and w i n d , d i s p e r s a l i s 
p r o b a b l y v e r y i n e f f e c t i v e * V e g e t a t i v e spreads may w e l l p r e d o m i n a t e i n 
t h i s c a s e b e c a u s e t h e s p e c i e s i s a b l e t o p r o d u c e : new p l a n t s e v e n a f t e r 
g r a z i n g ( H a r p e r 1 9 7 7 ) . , The; o r d e r o f d i s p e r s a l a b i l i t y i n v o l v i n g a n i m a l s 
i s p r o b a b l y t h e same as; t h a t f o r w i n d d i s p e r s a l . T h e r e f o r e i t i s 
i m p o s s i b l e t o d e t e r m i n e w h i c h m e c h a n i s m ; i s t h e . m o r e i m p o r t a n t * A l l t h a t 
c a n be g i v e n : i s an, i d e a o f t h e e x t e n t t o w h i c h d i s p e r s a l ( o f some; s o r t ) 
c a n e x p l a i n ; weed; d i s t r i b u t i o n s * The o n l y weed u n d e r s t u d y / w h i c h i s 
d e f i n i t e l y a d a p t e d f o r e x t e r n a l t r a n s p o r t by sheep ; i s Ta raxacumi o f f i c i n a l e * 
T h i s s p e c i e s h a s p a p p u s a t t a c h e d t o t h e s e e d s w h i c h c a n become c a u g h t i n 
a n i m i a l ffuir* A l l t h e weeds a r e v e r y l o w - l y i n g p l a n t s a t t h i s a l t i t u d e 
so t h a t t h e i r s e e d s a r e u n l i k e l y t o be c a r r l e d i by sheep, e x c e p t on t h e i r 
f r e e t . . H o w e v e r , some may foe e a t e n and c a r r i e d ! i n t e r n a l l y * T h i s , i s m o s t 
p r o b a b i e e i n t h e c a s e o.f Poa a n n u a w h i c h , i s s t i l l c a p a b l e o f g e r m i n a t i o n 
a f t e r b e i n g e a t e n and t h e n e x c r e t e d ( H i l l 1 9 7 7 ) * The s e e d s a r e 
r e s i s t a n t t o d i g e s t i o n , and a r e s t i l l v i a b l e when, t h e y are.; d e p o s i t e d i n 
d r o p p i n g s * Poa a n n u a , b e i n g a g r a s s , ; i s a l s o i t h e w e e d s p e c i e s m o s t 
s u s c e p t i b l e t o s h e e p : g r a z i n g . , , 
T h i s o r d e r o f d i s p e r s a l a b i l i t y c o r r e s p o n d s f a i r l y w e l l w i t h t h e 
r e l a t i v e d i s t r i b u t i o n s o f t h e s i x s p e c i e s * Taraxacum) g i f f l l c A a l e * 
S e l l i s p e r e n n i s and Poa a n n u a can, be f o u n d a l o n g t h e w h o l e TIZQO&ii l e n g t h 
o f t h e Top T r a c k . . They show no d e c l i n e i n a b u n d a n c e f r o m ; t h e s o u r c e 
a r e a o f weeds a l o n g t h e B i r k d a l e T r a c k * T h i s i m p l i e s t h a t t h e y m u s t h a 
e f f i c i e n t l y d i s p e r s e d e v e n , t h o u g h t h e Top T r a c k h a s b e e n , u s e d f o r many 
y / e a r s . Tihe m e c h a n i s m s o f d i s p e r s a l d e s c r i b e d a b o v e s u p p o r t t h i s v iew) 
T h e r e w e r e a l s o u n e x p e c t e d d i s c o v e r i e s ojf Poa a n n u a on t h e e x t r e m e 
n o r t h e r n end o f t h e Summi t T r a c k and o n p a r t ojf t h e sheep; t r a c k ; l e a d i n g 
f r o m t h e B o r e h o l e c o n s t r u c t i o n p a t h * B o t h g e l l i s p e r e n r a i s and Poa a n n u a 
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w e r e fouf t r t i ori! the . m o s t s o u t h e r l y p a r t o f t h e L o w e s t T rack ; , , They a l s o 
g r e w a b u n d a n t l y on a s h o r t s e c t i o n ; o f s h e e p t r a c k c o n n e c t i n g t w o g u l l i e s , 
ahove t h e L o w e s t T r a c k i n an. a r e a w h e r e weeds w e r e uer.y s p a r s e * lira a l l 
c a s e s t h e n e a r e s t s o u r c e o f weeds ( e i t h e r a s h e e p t r a c k o r a s h a k e h o l e 
w h e r e s h e e p c o n g r e g a t e ) was sornie d i s t a n c e a w a y * T h i s s i t u a t i o n i m p l i e s 
t h a t d i s p e r s a l i s n o t a m a j o r , i n f l u e n c e o n t h e d i s t r i b i u t i o . n i o f t h e s e ; 
weed s p e c i e s * The o t h e r t h r e e weeds a l l h a v e mure l o c a l d i s t r i b u t i o n s ? 
w h i c h , may he p a r t l y a r e s u l t of t h e i r r e l a t i v e l y i n e f f i c i e n t d i s p e r s a l 
m e c h a n i s m s . . T h i s i s p a r t i c u l a r l y t r u e i n . t h e c a s e of R a n u n c u l u s Eepen3>» 
I t h a s a v e r y l i m i t e d d i s t r i b u t i o n : m a i n l y c o n f i n e d t o a f e w h o l l o w s 
n e a r t h e B i r k d a l e T r a c k * F i n a l l y , i t s h o u l d be n o t e d t h a t t h e weeds, w i t h 
t h e b e s t d i s p e r s a l mejEhamisms a r e a l s o t h e m o s t a b u n d a n t * T a r a x a c u m 
o f f i c i n a l e , i s ami e x c e p t i o n ; t o t h i s r u l e * Hever t .ne less3, ; t h e r e l a t i v e , 
a b i l i t y o f weeds t o s p r e a d may be a b l e t o a c c o u n t f o r t h e i r a b u n d a n c e 
as w e l l as t h e i r a c t u a l l o c a t i o n * 
The d i s p e r s a l h y p o t h e s i s i s c e r t a i n l y u n s a t i s f a c t o r y as a c o m p l e t e 
e x p l a n a t i o n f o r weed d i s t r i b u t i o n s * , T h i s i s shown; by s e v e r a l 
c h a r a c t e r i s t i c s o f weed l o c a t i o n s w h i c h i l t c a n n o t e x p l a i n * Fox i n s t a n c e , ; 
b o t h w i n d and- s h e e p D i s p e r s a l c o u l d a c c o u n t f o r t h e d e c l i n e i n weed 
a b u n d a n c e and s p r e a d f r o m i t h e Top t o t h e L o w e s t T r a c k * W i n d s a r & l e s s 
s t r o n g on t h e l o w e r s l o p e s w h e r e t h e g r o u n d i s s h e l t e r e d by t h e h i g h e r 
l a n d t o t h e n o r t h and e a s t . ffiost d i s p e r s a l p x o b a b l y o c c u r s s o u t h w a r d s 
f r o m t h e B i r k d a l e T r a c k so: s h e l t e r c o u l d be i m p o r t a n t on t h e L o w e s t 
T r a c k . . A l t e r n a t i v e l y , dung; c o u n t s and s h e e p , o b s e r v a t i o n s show t h a t t h e 
Top T r a c k i s s much more f r e q u e n t l y u s e d t h a n t h e L o w e s t T r a c k ( T a b l e s 
4 and &;j P l a t e s 8, and 9 ) * T h e r e f o r e s h e e p a r e u n l i k e l y t o , C a r r y many 
weeds a l o n g t h e l o w e r p a t h s * H o w e v e r , , i f t h e s e tJfrends a r e e x t e n d e d t o 
i n c l u d e t h e Summi t T r a c k t h e y p r e d i c t t h a t weeds s h o u l d r e a c h t h e i r 
h i g h e s t a b u n d a n c e h e r e * I n p r a c t i c e t h i s i s n o t t r u e a l t h o u g h w i n d s 
a r e v e r y s t r o n g and dung c o u n t s : i m p l y t h a t t h i s t r a c k i s u s e d more t h a n 
t h e Top T r a c k . . T h i s s u g g e s t s t h a t d i s p e r s a l i s n o t an. i m p o r t a n t , 
e x p l a n a t i o n : f o r t h e o v e r a l l d i s t r i b u t i o n o f weeds on; U i d d y b a n k F e l l * 
The p h y s i c a l , c h a r a c t e r i s t i c s o f t h e a r e a may be am a l t e r n a t i v e ; 
e x p l a n a t i o n f o r t h e r e l a t i v e a b u n d a n c e o f weeds on; t h e f o u r t r a c k s * I n 
p a r t i c u l a r . , , i t was n o t e d t h a t t h e Summi t T r a c k does n o t h a v e a h igh* 
p e r c e n t a g e b a r e g r o u n d t o m a t c h i t s i n t e n s i v e u s e ( T a b l e 6 ) » T h i s may 
be a r e s u l t o f t h i c k v e g e t a t i o n ; m a t c o n s i s t i n g ^ p r i m a r i l y o f • u n c u s 
s g u a r r . o s u s . F e s t u c a STOP* and, tEr io txhoxuia v a o i n a t u f f l - w h i c h ; i s r e s i s t a n t 
to t r a m p l i n g ! . , I m c o n t r a s t t h e a r e a s o f C a l l u n a v u l q a r l s ; w i t h many 
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Sheep T r a c k s : ( dung c o u n t / I O r n : ) 
L o w e s t i ' l i d d l e . Top Summit . 
G r a s s l a n d ; 
H i e a t h l a n d 
G r a s s l a n d 
H t e a t h l a n d 
G r a s s l a n d 
H e a t h l a n d 
S 
2*8: 
2,3 
2 . 4 
Q.,9 
4 * 6 
2 * 0 . 
* . . 0 J 
2 * 7 
3.* 6: 
1*8 
4 * 2 
7 * 1 
Z . 8 
2 i , 0 
3 i *3 . 
3 * 6 
S . .0 
5 . 0 
3 * 0 , 
TABLE S, ; OBSEHu AT I ONS, ON; SHEEP nOVEFIEMT S ALufiliG (HE FS^R. 
SHEEP uRACKS 
Sheep t r a c k s (mean; number o f s h e e p / 1 OOQm) 
L o w e s t M i d d l e Top Summi t 
G r a s s l a n d 2 * 2 4.,8 4 . 6 Z.,9 
H l e a t h l a n d 02*6 3 . 1 4 * 0 1*11 
{ " lov ing i i o r t h 1 * 4 3:. 2 35*7 2*.? 
M o v i n g S o u t h ., 1 *4 4 * 7 4 . 9 1 . 3 
TABLE & i DISTRIBUTION] OF BARE GROUND ALOlMG THE KOUR 
SHEEP TRAUKS 
Sheep t r a c k s ( n u m b e r o f q u a d r a t s ; r e c o r d i n g b a r e , g r o u n d ) 
% b a r e L o w e s t R i d d l e Tap Summi t 
CD 12 9 33. 33 
1 -10 33 19 72 3:6 
1 1 - 2 0 14 15 44 18, 
2 1 - 3 0 6. 9 32 35 
> 30 35 24 61 4 
P l a t e - ffi : Sheep u s i n g t h e ; f op Sheep t r a c k - a w e l l - w o r n p a t h 
P l a t e . 9 : Sheep w a l k i n g a l o n g t h e R i d d l e Sheep T r a c k 
• 
• 
Sanaanum: s p e c i e s a r e s u s c e p t i b l e t o e r o s i o n * B a y f i e l d ( 1 9 7 0 ) w o r k i n g 
i n t h e C a i r n g o r m s c o n f i r m s t h e f a c t t h a t t h e s e s p e c i e s a r e much more 
s e v e r e l y a f f e c t e d by t r a m p l i n g t h a n E r i o p h o x u m : S P P J . . W h a t e v e r , t h e c a u s e , 
t h e a b s e n c e o f " b a r e g r o u n d i s l i k e l y t o r e d u c e t h e s u c c e s s o f uieexij 
c o l o n i s a t i o n * 
u i i ther e v i d e n c e t e n d s t o s u p p o r t t h e v i e w t h a t d i s p e r s a l c a n n o t 
p r o v i d e a c o m p l e t e e x p l a n a t i o n f o r weed d i s t r i b u t i o n s . , F o r i n s t a n c e , 
t h e r e i s v e r y l i t t l e s p r e a d o f weeds away f r o m t h e s h e e p t r a c k s * I t i s 
i n c o n c e i v a b l e t h a t d i s p e r s a l i s a b a r r i e r t o weed m i g r a t i o n on s u c h a 
s m a l l s c a l e . . V e g e t a t i v e s p r e a d a l o n e s h o u l d a l l o w weeds t o s p r e a d some 
d i s t a n c e away f r o m t h e t r a c k s i f p h y s i c a l c o n d i t i o n s a r e s u i t a b l e . 
S i m i l a r l y , t h e s h a r p d i v i s i o n o f weed s p e c i e s b e t w e e n a r e a s o f g r a s s l a n d 
and h e a t h l a n d c a n n o t be due t o r e s t r i c t i o n s ! on d i s p e r s a l . Jihe r e a s o n s 
f o r t h i s p a t t e r n m u s t l i e i n t h e e n v i r o n m e n t a l c o n d i t i o n s w h i c h p r e v e n t 
e i t h e r c o l o n i s a t i o n o r s u r v i v a l o f w e e d s * I t seems p r o b a b l e t h a t 
s h e e p e x e r t m o s t o f t h e i r i n f l u e n c e on weed d i s t r i b u t i o n s t h r o u g h t h e i r 
e f f e c t s on t h e g r o u n d r a t h e r t h a n , t h r o u g h s e e d d i s p e r s a l * 
The s h e e p d i d n o t show any t e n d a n c y t o w a l k i n a s e t d i r e c t i o n 
a l o n g t h e d i f f e r e n t t r a c k s . . T h e r e f o r e t h e r e i s no n e e d t o a r g u e t h a t 
weed m i g r a t i o n , o c c u r s i n d i f f e r e n t d i r e c t i o n s r a t h e r t h a n f r o m t h e m a i n 
s o u r c e on t h e B i r k d a l e T r a c k . T h i s i s c o n f i r m e d by some o f t h e weed 
p a t t e r n s w h i c h show d e c l i n e s i n a b u n d a n c e away f romi t h e r o a d * H o w e v e r * 
weeds h a v e p r o b a b l y b e e n i n , t h e a r e a f o r a l o n g t i m e b e c a u s e t h e f e l l 
has been u s e d as p a s t u r e l a n d f o r many c e n t u r i e s . . M i g r a t i o n m u s t a l s o 
o c c u r f r o m o t h e r c e n t r e s w h i c h h a v e d e v e l o p e d h i g h c o n c e n t r a t i o n s o f 
weeds s u c h as t h e s h a k e h o l l o w s . . The c e n t r a l s e c t i o n o f t h e Summi t 
T r a c k i s one such a r e a * Weed a b u n d a n c e d e c l i n e s away f r o m t h i s z o n e 
w h e r e s h e e p c o n g r e g a t e . . The dung c o u n t s a l o n g t h e s e s e c t i o n s o f t r a c k 
i n d i c a t e t h a t t h e y a r e w e l l u s e d and d i r e c t o b s e r v a t i o n , c o n f i r m s t h i s 
f a c t * U n l i k e t h e o t h e r t h r e e t r a c k s , t h e l o w c o n c e n t r a t i o n o f w e e d s on 
t h e s u m m i t T r a c k does n o t . r e f l e c t t h e a m o u n t o f u s e t h e p a t h r e c e i v e s . 
I t i s s u g g e s t e d t h a t weed c o l o n i s a t i o n i s l i m i t e d by some e n v i r o n m e n t a l 
f a c t o r and n o t by w i n d o r a n i m a l d i s p e r s a l . . 
D i s p e r s a l does n o t seem t o be t h e f a c t o r l i m i t i n g f u r t h e r weerii 
s p r e a d on, t h e u p p e r t r a c k s * I t i s assumed t h a t t h e r e i s no c o m p a r a b l e 
l i m i t t o d i s p e r s a l on, t h e L o w e s t T r a c k . . The s e e d s o f weeds a r e p r e s e n t 
f o r c o l o n i s a t i o n i n t h e a r e a s o f r a i r e p l a n t s * F o r i n s t a n c e , B e l l i s 
p e r e n n i s . R a n u n c u l u s r e p e n s . ; S a g i n a p r o c u m b e n s and e v e n Poa a n n u a 
h a v e c o l o n i s e d w e t h o l l o w s b o r d e r i n g Red S'iteB^ o n l y a f e w m e t r e s t o t h e 
w e s t o f t h e L o w e e t T r a c k w h e r e no weeds a r e f ound . . . These z o n e s a r e . 
a l s o l e s s t h a n 50Qm f r o m t h e v a s t weed s o u r c e on t h e B i r k d a l e T r a c k * 
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On t h e Top T r a c k weeds a r e a b u n d a n t more t h a n ; 1200ml f r o m t h e r o a d . * 
F u r t h e r m o r e t h e r e i s no s i g n i f i c a n t d e c l i n e i n t h e a b u n d a n c e o f Poa a n n u a 
and B e l l i s p e r e n n i s a l o n g t h e s e c t i o n ; o f t h e L o w e s t T r a c k o n w h i c h , weeds 
a r e f o u n d * T h e r e i s a f a i r l y a t e r u p t c h a n g e f r o m an e n v i r o n m e n t i n , w h i c h 
weeds a r e f o u n d t o one i n w h i c h t h e y do n o t g r o w * T h e r e f o r e t h e i d e a t h a t 
d i s p e r s a l m e c h a n i s m s c o n t r o l , and l i m i t weed d i s t r i b u t i o n s ; ini t h e a r e a s o f 
TTeesdale r a r i t i e s i s r e j e c t e d . . 
On, t h e B E i r k d a l e T r a c k d i s p e r s a l c a n n o t a c c o u n t f o r many o f t h e : weed 
d i s t r i b u t i o n s o b s e r v e d . . T h i s i s i l l u s t r a t e d by t h e s i m i l a r weed 
c o n c e n t r a t i o n s on t h e o l d and new s e c t i o n s o f t h e t r a c k * I n d e e d Poa 
a n n u a has s p r e a d f u r t h e r f r o m t h e r o a d i n , t h e . new s e c t i o n . T h i s ; i s 
p r o b a b l y due t o t h e g r e a t e r d i s t u r b a n c e h e r e * Once a g a i n , t h i s i m p l i e s .. 
t h a : t b a r e g r o u n d r a t h e r t h a n l i m i t a t i o n s o n w e e d m i g r a t i o n c o n t r o l t h e 
e x t e n t o f weed c o l o n i s a t i o n w . Blare g r o u n d i n , t u r n i s . a r e f l e c t i o n o f 
t r a m p l i n g and d i s t u r b a n c e by man and h i s a n i m a l s : . , The o n l y weedj w h i c h 
does n o t f o l l o w t h i s p a t t e r n i s R a n u n c u l u s r e p ens;* T h i s s p e c i e s has a 
s i g n i f i c a n t l y g r e a t e r c o n c e n t r a t i o n on t h e o l d - s e c t i o n o f t h e t r a c k . 
I n t h i s c a s e p o o r d i s p e r s a l a b i l i t y , p r o b a b l y e x p l a i n s t h e s i t u a t i o n . 
I t h a s b e e n , s t r e s s e d s e v e r a l t i m e s t h a t R a n u n c u l u s r e p e n s , has by f a r t h e 
m o s t i n e f f i c i e n t d i s p e r s a l mechan i sm; o f t h e s i x . s p e c i e s u n d e r s t u d y * 
Tihe e n v i r o n m e n t a l o n g t h e t w o s e c t i o n s o f t r a c k i s v e r y s i m i l a r and 
c a n n o t p r o v i d e an, e x p l a n a t i o n f o r t h e c o n t r a s t i n g a m o u n t s o f R a n u n c u l u s 
r e p e n s f o u n d t h e s e . . T h e r e f o r e t h i s i s a n e x a m p l e o f d i s p e r s a l r a t h e r 
t h a n ; s o i l l i m i t a t i o n s ; c o n t r o l l i n g t h e l o c a t i o n o:f w e e d s * 
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The s u r v e y a l o n g t h e B i i r k d a l e T r a c k c o m p a r i n g t h e : v e g e t a t i o n w i t h 
1968 r e c o r d s s u g g e s t t h a t c h a n g e s a r e c e r t a i n l y a c c u r i n i g ( T a b l e 7 ) . 
There has b e e n an i n c r e a s e i n t h e p e r c e n t a g e o f many weedy s p e c i e s s u c h 
a s B e l l i a p e r e n n i s ; ; T a r a x a c u m ; sppo*; P l a n t a q o ma j o r and T r i f o l i o r n 1 
r e p errs;* O t h e r weeds w h i c h w e r e p r e v i o u s l y a b s e n t i n ; t h e a r e a o:r f i r s t 
n o t e d i m 1970J w e r e a l s o r e c o r d e d ; . These i n c l u d e PJoa a n n u a : S a o i n a 
p r o c u m b e n s and C e r a s t i u m h o l o s t e o i d e s . . T:hey w e r e n o t v e r y a b u n d a n t and 
w e r e c o n f i n e d t o t h e i m m e d i a t e edge , a f t h e t r a c k * C i r s l u m ; . a r v e n s e and 
S e n e c l o i a c o b e a w e r e c l a s s i f i e d as new s p e c i e s i n ; 1 9 7 0 * H o w e v e r , t h e y 
w e r e n o t r e c o r d e d i i n ; 1978 : . T h e r e f o r e t h e t h r e a t t o t h e ; n a t u r a l 
v e g e t a t i o n seems t o be c o m i n g m a i n l y f r o m l o n g e s t a b l i s h e d weeds r a t h e r 
t h a n ; new s p e c i e s * I t i s t h e s e s p e c i e s w h i c h a r e c a p a b l e o f m i g r a t i n g 
i n t o v e g e t a t i o n c o m m u n i t i e s g r o w i n g a l o n g t h e s i d e s o f t h e B i r k d a l e 
T rack . . . The c o n t r o l s u r v e y i n 1968, showed t h a t t h e s e w e e d s , p a r t i c u l a r l y 
B e l l i s p e r e n n i s ; , . a r e members o f t h e n a t u r a l v e g e t a t i o n , away f r o m ; t h e r o a d , 
n u t t h e y become much more a b u n d a n t w h e r e t h e r e i s d i s t u r b a n c e * 
Among o t h e r members o f t h e v e g e t a t i o n , P l a n t a g o m i a r i t i m a : ; t ' l i n u a r t i a 
v e r n a : P r u n e l l a v u l g a r i s and L i n u m c a t h a r t l c u r m h a v e a l l i n c r e a s e d i n 
a b u n d a n c e i n t h e v e r g e * T h i s s u g g e s t s t h a t t h e s e a r e s p e c i e s w h i c h c a n 
t o l e r a t e t r a m p l i n g ; * The 1968 c e n t r a l s u r v e y away f r o m ; t h e t r a c k c o n f i r m s 
t h a t t h r e e o f t h e s e p l a n t s are.; more a b u n d a n t n e a r t h e r o a d w h e r e t h e 
ground: , i s d i s t u r b e d * The e x c e p t i o n ; i s L i n u m . c a t h a r t i c u m i b u t t h e r e i s ; 
no o b v i o u s r e a s o n why t h i s s p e c i e s s h o u l d tjaiue. c o n t r a d i c t o r y r e s u l t s . 
p l a n t a g o l a n c e d l a t a showed o n l y s l i g h t i n c r e a s e s i n t h e s t u d y a r e a s i n c e 
1968 and P o l y g o n u m v i v i p a r u m i d e c r e a s e d i n abundance. , , Ini 1970 b o t h , 
s p e c i e s had d e c r e a s e d . A l t h o u g h some e r r o r may h a v e been ; i n v o l v e d i t 
i s s u r p r i s i n g t h a t t h e r e was: no i n c r e a s e d u r i n g t h e 10 y e a r p e r i o d . 
SSoth s p e c i e s w e r e much more a b u n d a n t i n t h e v e r g e t h a n t h e c e n t r a l s t r i p 
inn 1968 so t h e y o b v i o u s l y l i k e a d i s t u r b e d e n v i r o n m e n t * E x c e s s i v e ; 
t r a m p l i n g may now be c o n t r o l l i n g t h e a b u n d a n c e o f t h e s e two s p e c i e s . 
F i n a l l y , many o f t h e r a r e p l a n t s r e c o r d e d had d e c l i n e d i n a b u n d a n c e 
s i n c e 1 9 6 8 * I f io fa r i v i n l a n a has been r. e i i r a i n a t e d i e x c e p t i n . ; A r e a 1 . 
K o b r e s i a s i m p l i c i u s c x i l a . S e l o g i n e l l a . C a r e x . c a p i l l a r i s and P r i m u l a 
f a r i n a s a w e r e v e r y uncommon.* O n l y G e n t i a n a v e r n a seems t o be a b l e t o 
m a i n t a i n , i t s p o p u l a t i o n , s i z e . , , Even t h i s s p e c i e s i s f a r l e s s a b u n d a n t 
t h a n ; i n t h e c e n t r a l s t r i p o f 196B* , N e v e r t h e l e s s g e n t i a n s a r e f a i r l y 
r e s i s t a n t t o t r a m p l i n g and t h e r e s h o u l d be n e e d f o r much, l e s s c o n c e r n , 
h e r e t h a n , i n t h e c a s e o f many o t h e r T e e s d a l e r a r i t i e s * The b e s t s i t e s 
f o r t h e s e p l a n t s do n o t b o r d e r t h e B i i r k d a l e T r a c k so t h a t t h e o v e r a l l 
t h r e a t t o t h e r a t e s p e c i e s i s n o t as s e v e r e as t h e s u r v e y w o u l d s u g g e s t . 
T A B L E 7 ; CHAIMGES IIM I H E u I S T R I B U T I D 1 M O F W E E D S A L O N G T H E 
BJriKDALE TRACK 
S p e c i e s 
B e l l i s 
pe renm- i s 
A r e a I 
1968 1978 Change 
43 51 +8, 
Carex : 
c a p i l l a r i s 3; 4 + 1 
C e r a s t i u m ; 
h o l o s t e o i d e s : 0 7 +7 
C i r s i u m a r w e n s e 0 0- 0 
G e n t i a n s v e r n a 0- 0 0 K o b x e s i a 
s i m p l i c i u s c u l a 28 
L inumi 
c a t h a r t i c u m i 5 
M i n u a r t i a 
u e r n a 
S a g i n a 
p r o c u m b e n s 
8 
P l a n t a g o 
l a n c e & l a t a 28 
P l a n t a g o 
m a j o r 0. 
P l a n t a g o 
m a r i t i m e . 52: 
Poa a n n u a 0 
P o l y g o n u m : 
v / i u i p a r u m : 20 
P r i m u l a 
f a r i n o s a 3-
S e l a g i n e l l a 
s : e l a g i n o i d e s 6 
S e n e c i o ; 
j a c o b a e a 0 
T a r a x a c u m 
o f f i c i n a l e 20 
T r i f o l i u m i 
r e p e n s ; 3 
26 
P r u n e l l a 
v u l g a r i s 30 30 
10 
—2 
10 + 5 
7 - 1 
29 + 1 
13. +13. 
67 £ 1 5 
13 + 1 3 
11 - 9 
4 + 1 
0 18 +18 
26 + 6 
+ 6 
P e r c e n t a g e F r e q u e n c y 
A r e a I I A r e a I I I 
1968 1978 Change 1968 1978 Change 
75 92 
0; 
0. 
6 
3i 
2 
0. 
6 
0 0 
+ 17 
+ 7 
+ 2 
O 
0 
- a 
+ 6 
+ 1 
51 69 
2:1 17 
44 + 4 1 
1 + 1 
+ 4 
- 1 
0 
0 
6 
+1.8 
- 4 
+ 9 
0 
+ 2 
2 - 2: 
14 + 7 
26 + 2 3 
9 
O 
8 
71 79 + 8 6 3 57 - 6 
25 + 2 1 
15 21 £ 6 13, 3.2! + 1 9 
O 
+ 6 
52. 3.9 - 1 3 45 52: + 7 
3.4 30 - 4 13 18. + 5 
+ 6 
+ 1 
O 
32 49 + 1 7 24 31 + 7 
49 52 + 3 2b 44 + 1 8 
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,-flHi r 7 ( c o n t d . ) 
Species Percentage Frequency 
Area I Area I I Area I I I 
196S 19!Za Change 19&8 1978 Change 1968 1978 Change 
V i o l a 
ri-v/iniana 2 2 0. 1 a —1 0 a 0. 
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I I T conclusion,, the r e p e a t of the 196.8. survey has been, very u s e f u l 
i n i n d i c a t i n g t h a t changes are o c c u r i n g i n t h e r o a d s i d e v e g e t a t i o n . 
The s i t u a t i o n ! i s n o t s t a t i c . . . Most species have n o t reached a balance 
i m numbers - weads are s t i l l , on the i n c r e a s e and s e v e r a l p l a n t s ar& on 
the verge o f being eliminated..fr,omi these a r e a s * Weed d i s p e r s a l and 
e o l o n i s a t i o n i i s a slow processs and t h e r e is= l i k e l y t o be an i n c r e a s i n g 
ueexL problemi i n f u t u r e years.. 
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CiniAPTER 33 - SOIL ANALYSIS 
This s e c t i o m of the f i e l d w o r k aimed t o r e l a t e the d i s t r i b u t i o n : 
of weeds t o some e n v i r o n m e n t a l c h a r a c t e r i s t i c s * The s o i l s of t h e 
study area were analysed i n d e t a i l but v e g e t a t i o n * a s s o c i a t i o n s , were 
a l s o considered., 
S o i l a n a l y s i s was c a r d e d out i n the permanent quadrats used 
e a r l i e r f o r the study of weed m i g r a t i o n * Two 10cm. deep cores were 
taken ranaomly i n each of the permanent q u a d r a t s . The s a i l auger 
used had a 3cm. diameter.. This was the s m a l l e s t bore size- which gave 
a l a r g e enough s o i l volume t o c a r r y out the range of t e s t s r e q u i r e d . , 
o n l y two r e p l i c a s were taken w i t h i n each quadr a t because the quadrats, 
were s m a l l and i t was i m p o r t a n t t o keep damage i n the area t o a 
minimum-.. The top 10cra. of s o i l was the r o o t i n g zone and t h e r e f o r e 
r e p r e s e n t e d the environment i n which the weed species grow. S o i l 
depth was a l s o measured i n the f i e l d u s i n g a l e n g t h o f t h i n wire=* 
The w i r e was i n s e r t e d i n t o each quadr a t f i v e times and the mean depth 
t o which: i t p e n e t r a t e d was then calculated.., The values were p r o b a b l y 
underestimates; because s m a l l stones p r e v e n t e d the w i r e from, r e c o r d i n g 
the complete depth of s o i l * I n the l a b o r a t o r y the s o i l samples were 
s u b j e c t e d t o a s e r i e s o f t e s t s . The methods adopted are d e s c r i b e d 
below ( a f t e r A}4en 1 9 6 6 ) . , 
F i r s t l y , the f r e s h s o i l was weighed and i t s volume c a l c u l a t e d 
from the core s i z e . These mass and volume r e a d i n g s were used.to 
c a l c u l a t e s o i l d e n s i t y.. The r e s u l t s have been taken as a s u r r o g a t e 
f o r s o i l , compaction which i s very d i f f i c u l t t o measure d i r e c t l y . 
D e n s i t y w i l l o b v i o u s l y vary w i t h the n a t u r e of the m a t e r i a l f o r m i n g 
the s o i l . N e v e r t h e l e s s i t was c o n s i d e r e d t h a t t r a m p l i n g and compression, 
would be the major f o r c e s a l t e r i n g s o i l d e n s i t y w i t h i n t h i s s m a l l a r e a . 
Secondly, a s m a l l sacjple of f r e s h s o i l (10—20g) was o v e n - d r i e d a t 
1Q5°C* f o r 48 h o u r s . The loss:; i n w e i g h t was used t o c a l c u l a t e t h e 
m o i s t u r e c o n t e n t o f the s o i l . . 
T h i r d l y , a p p r o x i m a t e l y 10g o f s o i l were mixed w i t h 30cm of 
d i s t i l l e d water and t h e ptHl measured on a b u f f e r e d pH meter* 
F o u r t h l y , 1g of o v e n - d r i e d s o i l was p l a c e d i n a m u f f l e f u r n a c e 
at- 450°c f o r 4 hours. The loss., i n w e i g h t was used t o c a l c u l a t e the 
organic, c o n t e n t of the s o i l . . 
For the r e m a i n i n g t e s t s i t was f i r s t necessary t o a i r - d r y the s o i l 
by exposing i t t o t h e atmosphere f o r f o u r days* A s e c t i o n of the core 
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was k e p t i n t a c t f o r the f i e l d c a p a c i t y e x p e r i m e n t * The core 
was s a t u r a t e d w i t h a known volume of watecv I t was then: a l l o w e d 
t o d r a i n f r e e l y . . The volume of s o i l and volume of water l o s t were 
used t o c a l c u l a t e t h e s o i l f i e l d capacity,., 
F i n a l l y , t h e phosphate c o n t e n t of a ground and s i e v e d p o r t i o m 
o f a i r - d r i e d s o i l was measured. 2«.5g, of s o i l were shaken w i t h 
lOQtair 3 of Truo.g"s r e a g e n t (20Qjemi3 o f QwOSFI s u l p h u r i c a c i d wera 
d i l u t e d t o 10 L and b u f f e r e d a t plH'3 w i t h 30g o f ammonium: s u l p h a t e ) 
on a r o t a r y shaker f o r 1 hour.. Tha m i x t u r e was then; f i l t e r e d u s i n g 
iio.,44 paper. SQcitii3 of f i l t r a t e were placed: i n ; a f l a s k t o g e t h e r with; 
2 cm 3 of amrmoniiumi motfiytodate r e a g e n t and 2cm 3 o f stannous chlojridB. 
neagent., The s o l u t i o n was shaken and l e f t f o r 30 minutes*, The 
molybdenum b l u e c o l o u r was measured i n an; "Uvispek" spec.teafltio;tame±eir. 
A' s t a n d a r d phosphate curve was c o n s t r u c t e d which; enabled, the s o i l 
r e a d i n g s t o be c o n v e r t e d t o a c t u a l values o f e x t r a c t a b l l e phcBptiate; 
( F i g u r e 11)» This t e s t was chosen; because i t i s known t o be-
s u i t a b l e and r e l i a b l e f o r a l l . b ut the most, c a l c a r e o u s soxls:. (pH78)* 
The' r e s u l t s o f the s o i l a n a l y s i s are- p r e s e n t e d i n i Tables; 8 t o 30J«. 
The c a l c u l a t i o n methods are given; i n ; Appendix C. 
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VII 
RESULTS AluO DISLUSSIOfei 
The s o i l survey of the sheep t r a c k s on, Widdybank F e l l had two 
main aims.- F i r s t l y , the h e a t h l a n d s o i l s were compared with, the areas 
of open g r a s s l a n d . I t was hoped t h a t t h i s experiment would h e l p t o 
e x p l a i n the c o n t r a s t i n g d i s t r i b u t i o n s o f Poa annua and B e l l i s p e r e n n i s . 
Secondly, track: S o i l s ' were compared w i t h those on e i t h e r side; i n areas 
both w i t h and w i t h o u t weeds. From t h i s work i t was planned t o assess 
whether the s o i l was l i m i t i n g weed! m i g r a t i o n and whether sheep: 
s i g n i f i c a n t l y modify the s o i l , along: t h e t r a c k w a y s . 
Along the Top Track the s o i l s i n the f i v e permanent s i t e s which: 
o n l y s u p p o r t poa annua are s i g n i f i c a n t l y d i f f e r e n t i n s e v e r a l r e s p e c t s 
from those which, only contain: B e l l i s p e r e n n i s ( T a b l e s 8 t o 1 4 ) . The 
s o i l i n the zone where both weeds are found has i n t e r m e d i a t e 
c h a r a c t e r i s t i c s . , I t was demonstrated by greenhouse experiment w i t h 
c o n t r o l s t h a t t h e weeds caused no s i g n i f i c a n t a l t e r a t i o n , o f s o i l 
c h a r a c t e r i s t i c s ( T a b l e 15)., Furthermore t h e r e i s no s i g n i f i c a n t 
d i f f e r e n c e i n the amount o f sheep dung along t h i s s e c t i o n o f the t r a c k . 
T n e r e f o r e the s o i l c o n t r a s t s must be regarded as i n h e r e n t . 
The Chi-squared t e s t shows t h a t the p i i i s s i g n i f i c a n t l y h i g h e r 
and organic: m a t t e r and m o i s t u r e c o n t e n t lower i n areas o f B e l l i s : p e r e n n i s . 
The percentage o r g a n i c m a t t e r i s a measure of the humus c o n t e n t o f the 
s o i l , , The d i f f e r e n c e must r e f l e c t V a r y i n g amounts o f decaying 
v e g e t a t i o n m a t t e r i f t h e amounts of sheep droppings are f a i r l y c o n s t a n t 
along t h i s p a r t of the Top Track. S o i l depth i s also s i g n i f i c a n t l y 
less: i n areas of, B e l l i s p e r e n n i s . The type o f v e g e t a t i o n which surrounds 
the sheep t r a c k presumably r e f l e c t s s o i l c o n d i t i o n s as w e l l . T h e r e f o r e 
the c o r r e l a t i o n between v e g e t a t i o n : a s s o c i a t i o n and weed type i s a r e s i t 
o f common s o i l r e q u i r e m e n t s * L a b o r a t o r y experiments were used to. 
c o n f i r m t h e f a c t t h a t a o i l c o n d i t i o n s are i m p o r t a n t i n : l i m i t i n g the 
d i s t r i b u t i o n of both weeds., B e l l i s p e r e n n i s was p l a n t e d i n , p o t s 
w i t h s o i l from s i t e 3i where o n l y Poa annua grows. S i m i l a r l y Poa annua, 
was p l a n t e d i n . p o ts w i t h s o i l from s i t e 2 where o n l y B e l l i s p e r e n n l s 
grows. A l l the weeds s u r v i v e d but. f l o w e r i n g was i n h i b i t e d and: many o f 
the leaves became y e l l o w and w i l t e d . , The s o i l o b v i o u s l y i n h i b i t e d the 
growth of these two weeds. I t would p r o b a b l y have an even, g r e a t e r 
e f f e c t on young s e e d l i n g s or g e r m i n a t i n g seeds as t h i s i s the most 
s e n s i t i v e p e r i o d i n t h e l i f e o f a p l a n t . 
I n t e r s p e c i f i c c o m p e t i t i o n cannot account f o r c o n t r a s t i n g 
d i s t r i b u t i o n s of the two weeds i n the f i e l d . They grow t o g e t h e r i n 
c l o s e p r o x i m i t y w i t h o u t any apparent i l l - e f f e c t s . This i s w e l l 
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Ti'ABLE. 8 i S O I L an WALLIES MEASURED FROM THE TOP S3HEEP TRMCK 
«3E S i t e 1 no.. Q1W Q2w ^3M Q4y n 2 k 
m 6 *3 6*3 .5*8 5*9 5.2 4.2 
12 6*9 &*7 7*2 6*5 6*6 6*5 
T3u 5.5 5*0, 4*9 4*8 
14 6*4: 63*8: 6.4 6.7 
T5 5.4 4*8. 4*8 
S i t e 2 
T1 7.4: 7*5 7.4 
TT2 6;*6 5*7 5*5^ 5*2 6.2, 5.5 
T3; 5.22 5*2: 5.2 
T4 5.,a 5.B 5. .8 5*8 5.8 5*63 5*8 5.5 
TIS 7*35 7.5 7.5 7.3, 
S i t e 3. 
T11 5*5 4.5 5*23 5.1 
T2 5 »3", 3*7 5i.,6 5.5 
T35 4*7 33*S 33.5' 4.0 4.2 
¥4, 5 .33 5*2 5*2 5.1 4.6 
T5 4*6 4*5 4*4 4.0 
5*3; 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e ^ betweem 
the p:H of s o i l s w h e r e B e l l i a perennisa grows and those where Poa annua 
grows on the Top Track: 
X 2 = 10*12 S i g n i f i c a n t a t CL*0.1 p r o b a b i l i t y l e v / e l * 
Flann-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t -
d i f f e r e n c e between the pfi\ of s o i l s on, and o f f t h e Top Trad/areas where 
B' e l l i s p e r e n n l s grows: 
(J = 75 Net s i g n i f i c a n t a t 0*0.5 p r o b a b i l i t y l e v e l * 
l vlanm—Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t , 
d i f f e r e n c e between the pH of s o i l s on and o f f the. Top Track i n areas 
where Poa annua grows: 
U = 57 S i g n i f i c a n t a t 0I.Q5 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
1 
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TABLE 9 ; SOIL I'lfllSTiuHE % MEASURED FRGIYI THE TOP SHEEP TRACK 
S i t e 1 Ql ui Q 2 l i i Q3.W «4U. Q5Ui " i t Q2E Q 3 | 
H I 37 31 30 35 24 21 
T2 35 35, 34 29 31 32 
TT3 28 26 22 18 
T4 25 26 21 29 
TS 26 31 31 
S i t e 2 
T1 16 16 19 
Ti2 27 24 28 26 25 26 25 
T3 36 26 31 
T4 22 29 21 26 26 235 20 22 
TT5 24 23 19 30 25 
S i t e 3: 
T1 28 29 29 33 
T2 17 32 28 21 
Tl3i 31 3:2 42 23 29 
T4 26 24 28 25 26 
Ti5 24 25 27 28 
X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 
between the m o i s t u r e % of s o i l s where B e l l i s p e r e n n i s grows and 
those where Poa annua grows on the Top i r a c k : 
X 2 = 3.90 S i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l . 
fflanm-ldhitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between the m o i s t u r e % of s o i l s on and o f f the iop Track 
i n areas where ^ e l l i s p e r e n n i s grows; 
U = 79 W:ot s i g n i f i c a n t a t 0.95 p r o b a b i l i t y l e v e l . 
Irtannr-Uhitney L) t e s t t o determine whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between the m o i s t u r e % of s o i l s on and o f f the Top Track 
i n areas where Poa annua grows: 
U = 97 Not s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l . 
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TABLE 10 t . SOIL ORGANIC % MEASURED FROW THE TOP SHEEP TRACK 
S i t e 1 Q2w «3U Q4Ul Q5Ul Q1E Q2£ 
T1 21 17 14 21 20 16 
1,2. 38 31 27 20 21 21 
T3i 28 20 18 19 
T4 26 18 22 18 
T5 17 18 28; 
S i t e 2 
T1 13 1$->' 17 
T2 37 16 17 13 21; 18 15 
T3 16 16 14 
Tf4 28 33: 37 34 32 29 31 28 
15 19 13! 1;2 18 12 
S i t e 3J 
Tit. 21 22 23. 21 
T2 41 14 30 10 
T3 28 27 25 25 22 
14, 32 19 22 24 24 
T5 20 25 24 20 
X2- t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 
between the o r g a n i c % of s o i l s where B'.ellis p e r e n n i s grows and 
those where Poa annua grows on the Top Track: 
X 2 = 6J«.74 S i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l . . 
Mann-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n i f e 
d i f f e r e n c e between t h e o r g a n i c % of s o i l s on and o f f thie Top Track 
i n areas where B B l l i s perenrais grows: 
U = 57 S i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
lyiiann-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between the o r g a n i c % of s o i l s on and a f f the Top Track 
i n areas where Poa annua grows;. 
U = 43: S i g n i f i c a n t a t 0*01 p r o b a b i l i t y l e v e l . ( 1 — t a i l e d - t e s t ) 
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TABLrl 11 : SOIL DENSITY/ (q/cro3'V MEASURED FROM THE TOP SHEEP TRACK 
S i t e 1 Q0 ; Q1UJ Q 2 U Q-4UJ Q5uJ Q1£- Q 2 £ 
T1 0*27 0*27 0*25 0..25 0*23> 0*23; 
T2 0*22 0- . ia 0*22; 0J*22 0*26 0*23 
T3B 0*26 CL*24 0J*22 0*26 
JA QJ*23i 0.28: 0*22 0.24 
IS 0*24 0*28, Q. 19 
S i t e 2 
T1 0*29 0*222 0.28 
12 0*27 0*26 0..26 0*22k 0*25 0*21 0*24 
IT3 0*32 0*25 0*25 
T4 0..27 0*30 0*26 0*29 0.25 0*26- 0*24 0*19 
Ti5 0..31 0..29 0*28 0*23: 0*28-
S i t e 3. 
T1 0..26 QJ*27 0*24 0.28 
Ti2 0..29 0J..1 0. 0*16 0*24 
T3; 0.-31. 0*17 0*15 0*25 0*22 
T4 0*28 Oi.24 0*21 01*1 a 0 . 1 a 
T5 0..23 0*23 0.1*22 0*26 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e between: 
t h e d e n s i t y ( c o m p a c t i o n ) of s o i l s where Bielli-s perennis: grows and, those 
where Pda annua grows on the Top Track; 
X 2 = 3*74 Wot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y level... 
Miannt-liJhitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t , 
d i f f e r e n c e between t h e d e n s i t y (compaction,) of s o i l s on and o f f the 
Top Track i n areas where B t e l l i s perennis, grows; 
U! = 53 S i g n i f i c a n t a t 0..0.5 p r o b a b i l i t y l e v e l * 
Maram-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i - c a n t 
d i f f e r e n c e between the d e n s i t y ( c o m p a c t i o n ) o f s o i l s on and o f f the 
Tl'op Track i n areas where Poa annua groas;: 
U = 41 S i g n i f i c a n t a t O.OJI p r o b a b i l i t y l e v e l ( 1 - t a i l . e d t e s t ) 
TABLE 12- : SOIL FIELD CAPACITY (cm3 of uiater/TOQcm 3 i of s o i l ) 
MEASURED FROM THE TOP SHEEP TRACK 
S i t e 1 do Ql w_ Q2U*. «3W Q4lliL Q5W Q1E. Q2E 
T1 5 . 5 5*2 1.4 7.2 t . 3 
T2- 15.0. 7 . 5 i 6.7 3.1 11 .Ti 2.3 
¥3 3.6 5 . . 2 3.0- 2.4 
T4 2.1 4 . 5 4.3 5. ,9 . 
¥5 a.7 4 . 5 7.3 
S i t e 2 
¥1 9.5. 3.7 6.4 
¥2 7 . a 8;.1 6-.5i 3.2 2.9 3.5. 
m 11.3 10.9 6,6 
¥4 10.4 12.,5 T3;.Qi 6.9 5.7 6..O.1 T3.9 i o , a 
TO 5.2 13.2 5.2 112.5 
S i t e 3 
TI 7.0, 3..1 2.1 11.3 
1*7 4.3 5.2 2.3 
¥3 15.6 4.9 2.9 4.3 1 . I 1 
¥4 3;. 3 5.5 5.2 3.5 1.5 
T5 5.5 4.1 4.9 5.1 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 
between the f i e l d c a p a c i t y o f s o i l s where B r i l l s p e r e n n l s grows 
and those where Poa annua grows on the Top Track: 
X 2 = 3i.17 Ntot s i g n i f i c a n t a t Q.J35 p r o b a b i l i t y , l e v e l . 
Mann-Whitney: U t e s t t o determine whether, t h e r e i s a s i g n i f l e a n t 
d i f f e r e n c e between the f i e l d c a p a c i t y o f s o i l s - on and o f f the. Top 
Track i n areas where- BielUs perennls; grows: 
U! = 72 Not s i g n i f i c a n t a t 0 . , 0 5 pro.babil.ity l e v e l . 
[fann-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between t h e f i e l d c a p a c i t y o f s o i l s on and o f f the 
Top Track i n areas where Poa annua grows: 
U = 5 4 S i g n i f i c a n t a t 0.JD5 p r o b a b i l i t y , l e v e l . 
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TABLE 13 ; SOIL PHOSPHATE COmTEniT (mo/gi dry u t . of soixL) MEASURED 
KROFI THE TOP SHEEP TRACK 
S i t e 1 QO Q1UL Q2UL Q3Ui Q4u, Q 5 U QlE Q 2 E 
1 1 • CM 35 . 0 ) 2 4 .0)2 5 . .OJQE .0)335 . 030 . 5 
T 2 •Qoa . 0 0 ) 1 • OBI .00)1 ..005: . 0 0 1 . 
13) . 0 . 1 2 • (B IOL . 0 0 2 . 0 ) 1 1 1 
TT4 . 0 3 1 6 .00.5.1 . 0 0 1 2 • QQSJ 
T 5 • 0Q3J . 0 0 3 1 .0GL1 
S i t e 2 
Til .0.26 .00)4 .0)25. 
12 .100) .0.18) .0)11 ..0.09. .0111 .0)11 .0315 
TH5 • • OCM .00)1 .004: 
T4: .0GD6 .005 . .00)3) . 0 0 3 : .00.1 .0011 , . 0 0 3 .00)3 
I S . 0 2 9 .0,18 .01)9 .0)12 . 0 1 4 
Site. 3 
T1 • 0 2 7 . 025 : . 0 3 4 .020) 
T2 . 0 2 0 .028. . 0 1 6 .01111 
133 . o a a . 003 ' .003) .010) .00.5. 
T4 • 1 3 5 . 015 . . 016 , • 0)0,7 .006 , 
US) .0373) . 0 1 0 .0)25 .0011 
X t e s t , t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e between 
the phosphate c o n t e n t o f soi31s where B e l l i s - p e r e n n i s grows and those.' 
where Pea annua, grows on the Top Track: 
X 2 = 1 . 0 4 : Mot s i g n i f i c a n t at. Q . ; , 0 5 : p r o b a b i l i t y l e v e l . 
Planm—lilhitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between the phosphate c o n t e n t o f soi3Ls: on and o:ff the 
Top Track i n areas where B e l l i s perennlss grows: 
U = 4 5 S i g n i f i c a n t a t 0 . . 0 1 p r o b a b i l i t y l e v e l ( 1 1 - t a i l e d t e s t ) 
Mann-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t , 
d i f f e r e n c e between the phosphate c o n t e n t o f s o i l s on and o f f t h e 
Top Track i n areas where Poa annua grows: 
U, = 4 1 S i g n i f i c a n t a t 0 . . 0 1 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
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1 ABLE 14 ; SOIL PEP fH (cmV MEASURED FRO hi, I HE I OP SHEEP TRACK 
S i t e 1 Q2UJ- Q3I1L Q.4UJ Q I E q 2 £ 
¥1 8 8; 15 ras a 11 
Ti2> 6 8; 112 16 7 17 
T35 14 15 16 25 
T4 1Q. 10) 14- 11 
115 11 13 11 
S i t e 2 
T1 9 11 13 
T2 12 13 13 16 15. 2Q 
T3: 14 i a 17 
T4 1 7 24 24 21 28; 20; 23 21 
T5 7 9 8 8 
S i t e 3 
T1 19 23 m 20 
¥22 5 a 7 7 
¥35 13 r a 15 9 9 
¥4 9 10; 11 10. 13 
¥5. 25, 20- 30; 30' 
22 
10i 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e between 
the s o i l depth of s o i l s where B i e l l i s p e r e n n i s grows and those where 
P:oa annua graws on the Top Track: 
X 2 = 140/ ko^> s i g n i f i c a n t a t 0.0)5 p r a b a b i l i t y l e v e l * 
Flann-Uhitney U t e s t to, determine whether t h e r e I s a s i g n i f i c a n t d i f f e r e n c e 
between the depth of s o i l s on and o f f the Top Track i n areas where 
B - e l l l s p e r e n n i s grows: 
Ui = 50 S i g n i f i c a n t a t 0.„05 p r o b a b i l i t y l e v e l . . 
Itann-Whitney U t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 
between the depth of s o i l s on and o f f t h e Top Track i n i areas where 
P'oa annua growss: 
U = 57 S i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
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/ 
TABLE 1 5 : RESULTS OF I HE LABORA IOKY•SOIL EXPERIMENTS: /» 
/ v 
Canitiio.l, B e l L i s , perennisB Poa annua Both Weeds; 
Beam pHi 6.3: 6.3; 6,4 6,6 
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TABLE 16 t RESULTS OF THE SOIL ANALYSIS FROM THE TWO SHEEP HOLLOWS 
S o i l C h a r a c t e r i s t i c s Grassland Heath l a n d Droppings-. 
Hollow Hoilaw (mean v a l u e s ) 
7.7 pHH 6*6 6.5 5.4 5.5 
mttaisture % 26 35 2,4 28. 
o r g a n i c % 24 33i 3.8. 27 
d e n s i t y ( g / c m i 3 ) Qi.17 ffi. 19 0,27 0.2b 
f i e l d c a p a c i t y / ( c m i 3 
of water/100cm, 3 o f 
s o i l ) 9.5 8;.a 7.Q 5.9 
phosphate c o n t e n t 
(nrg/g dry w t . o f 
s i o i l ) .125, .as a .094 .095 
depth (cm) 5, 7 6 8 
0.360. 
i l l u s t r a t e d i n the case of s i t e 1 * L i m i t a t i o n s on. d i s p e r s a l are, also 
no r e s t r i c t i o n on meed growth i n the three, s i t e s because t h e change i n 
weed species i s very a b r u p t between g r a s s l a n d and h e a t h l a n d zoaas., 
The o t h e r s o i l c h a r a c t e r i s t i c s which were s t u d i e d (namely d e p t h , 
compaction, f i e l d c a p a c i t y and phosphate c o n t e n t ) do n o t vary 
s i g n i f i c a n t l y from areas of S e l l i a perenniss t o those of Poa annua. 
T h e r e f o r e , the major edaphic c o n t r o l s , on. the d i s t r i b u t i o n o f Poa a n n u a 
and B e l l l s perennis: seemi t o be pHi m o i s t u r e and o r g a n i c c o n t e n t . Pea 
annua p r e f e r s damper and more humus.—rich s o i l s . I t s v e r y a b r u p t 
changes i n abundance along thesheep t r a c k s suggest t h a t the presence 
of a p a r t i c u l a r n u t r i e n t may a l s o be i m p o r t a n t f o r i t s s u r v i v a l . The 
presence o f Poa annua i s c o r r e l a t e d w i t h a h i g h percentage bare grounds 
This i s n o t so t r u e f o r t h e other, weeds but may be an a d d i t i o n a l 
r e q u i r e m e n t f o r the s u c c e s s f u l e s t a b l i s h m e n t , o f Poa annua. B e l l i S J 
p.erannis i s t o l e r a n t of the h i g h pH and low o r g a n i c c o n t e n t o f t h e 
dry c a l c a r e o u s ; r e n d z l n a s o i l s formed i n areas where l i m e s t o n e i d a t or 
near t h e surface... However,. Bel l i s , p e r e n n l a w i l l alsD grow i n some, of 
the n e a t h l a n d zones t o which Poa annua i s c o n f i n e d . These s o i l s : are v e r y 
v a r i a b l e i n . c h a r a c t e r , p a r t i c u l a r l y i n ; plHI, because some exposed 
l i m e s t o n e areas w i l l s u p p o r t a v e g e t a t i o n complex dominated by C a l l u n a 
v u l g a r i s (Rapping U n i t . 4 Jones 1975)* T h e r e f o r e B e l l i s perennis; 
p r o b a b l y does not grow i n a g r e a t e r range of s o i l c o n d i t i o n s than 
Poa annua. 
Ranunculus; repens and SaQina procurriibens are u s u a l l y l o c a t e d i n 
the areas w i t h Bel l i s perennisa and are presumably t o l e r a n t , at' the same 
s o i l c o n d i t i o n s * Cerastiumi hojLos.teoides and Taraxacum o f f i c i n a l e , are 
e q u a l l y abundant i n h e a t h l a n d and g r a s s l a n d zones which suggests^ a wide 
range o f s o i l t o l e r e n c e * However, i n the case o f RanuncuJiB rep ens 
and Cerastium. h o l o s t e o i d e s t h e most i m p o r t a n t s o i l r e q u i r e m e n t s are 
p r o b a b l y f e r t i l e , o r g a n i c and phosphate r i c h c o n d i &ons.* Thiss i s 
demonstrated by t h e v;ery h i g h c o n c e n t r a t i o n s o f these; weeds i n the two. 
h o l l o w s which were s t u d i e d , i n d e t a i l ( T a b l e 1 6 ) . The s t o l o n i f e r . a u s 
h a b i t o f Ranunculus r e p B n s a l s o enables the p l a n t t o spread; q u i c k l y 
over dungpatches even: i f i t does n e t irooit i n them, (HaEP-er 1978). 
One h o l l o w was surrounded by g r a s s l a n d and had a f a i r l y high, pH,, the 
other" was i n a h e a t h l a n d zone w i t h lower pH. However, both n o l l o w s 
r e c o r d e d very h i g h V a l u e s f o r phosphate and humus c o n t e n t . These are 
p r o b a b l y the major c o n t r o l s on the d i s t r i b u t i o n o f the two weeds* The 
ver-y h i g h percentage covers of Ranunculus repens; and n e r a s t l u m hoiLosteoldes 
£m these f e r t i l e h o l l o w s must l i m i - t t h e presence of other, weeds - n o t a b l y 
B e l l i s p e r e n n l s a n d Poa a n n u a . Tnese grow along most s e c t i o n s of the 
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t r a c k where th e e x t r a - f e r t i l e c o n d i t i o n s which enhance th e growth of 
Cerastiurtri h o l o s t e o i d e s and R a n u n c u l u s r e p e n s a r e n o t found., 
Hoveland, Buchanan and H a r r i s ( 1 9 7 6 ) c o n f i r m the i m p o r t a n c e of 
h i g h phosphorus l e v e l s to the growth of Cerastium: h o l o s t e o i d e s 
(measured as dry herbage y i e l d ) . Phosphorus d e f i c i e n c y was r e v e a l e d by 
s t u n t i n g and r e d - p u r p l e co l o r a t i o n . . . They a l s o s u g g e s t t h a t weeds a r e 
more s e n s i t i v e to phosphorus than, p o t a s s i u m and o t h e r c a t i o n s . . Weeds 
were a l s o more t o l e r a n t of a c i d than v e r y a l k a l i m e conditions:.. T h e i r 
f a i l u r e to s u r v i v e on the s u g a r l i m e s t o n e s o i l s o f t h e Lowest T r a c k 
s u p p o r t s t h i s view.- There was a wide v a r i a t i o n , i n weed r e s p o n s e to t h e 
pH. range 4 ..7 to 6„3., Cerastium; h o l o s t e o i d e s and Taraxcum o f f i c l a l e 
were s e v e r e l y r e d u c e d i n s o i l s w i t h the l o w e s t pW* However, t h i s i s 
not a p p l i o b l e to the h e a t h l a n d s o i l s o f t h e Top T r a c k where pH r e a d i n g s : 
a r e generaLly g r e a t e r than. 5.D.. The lower v a l u e s on s i t e 3 do c o r r e s p o n d 
w i t h a zone where Taraxacum: o f f i c i a l s and C e r a s t i u m h o l o s t e o i d e s are: not 
recorded., 
At the permanent s i t e s on the Top T r a c k s o i l c o n d i t i o n s a r e 
s i g n i f i c a n t l y d i f f e r e n t on the path from t h o s e o f f t h e t r a c k * In. most 
c a s e s t h e r e i s a g r a d a t i o n , of c o n d i t i o n s a s s o c i a t e d w i t h a d e c l i n e i n 
weed abundance away from the t r a c k * . T h i s d i s c o v e r y a p p l i e s 
i r r e s p e c t i v e of the weed s p e c i e s i n v o l v e d . , I n both g r a s s l a n d and 
h e a t h l a n d a r e a s the p e r c e n t a g e o r g a n i c matter,, phosphate c o n t e n t and 
s o i l d e n s i t y a r e a l l h i g h e r on the t r a c k i t s e l f and the s o i l depth i s 
lower.. These m i c r o - e d a p h i c c o n t r a s t s a r e assumed to be the r e s u l t of 
sheepj m o d i f i c a t i o n of the s o i l on the paths., The sheep c r e a t e the. 
t r a c k s and they a r e the only major v a r i a b l e which has c o n t r a s t i n g e f f e c t s 
on and o f f ti.e t r a c k s . , V e g e t a t i o n d i f f e r e n c e s cannot a c c o u n t f o r t h e 
s i t u a t i o n because a l l s p e c i e s w i t h the e x c e p t i o n , .of C a l l u n a v u l g a r i s and 
the weeds t h e m s e l v e s a r e e q u a l l y abundant i n both l o c a l i t i e s . T 
L a b o r a t o r y e x p e r i m e n t s mentioned e a r l i e r have proved t h a t n e i t h e r . B e l l i s 
p e r e n n i s nor Poa annua s i g n i f i c a n t l y a l t e r the s o i l , conditions... C a l l u n a 
v u l g a r i s does lower s o i l pH and c a u s e s h a d i n g of o t h e r p l a n t s so t h i s 
may be an a d d i t i o n a l e x p l a n a t i o n f o r the s o i l d i f f e r e n c e s and weed 
d i s t r i b u t i o n s i n h e a t h l a n d s e c t i o n s of the t r a c k . . However, t h i s : f a c t o r 
cannot a c c o u n t f o r the g r a d a t i o n of s o i l c h a r a c t e r i s t i c s . I n c o n t r a s t , 
sheep i n t e r f e r e n c e d e c l i n e s away from the t r a c k and c o u l d e x p l a i n t h e 
t r e n d i n s o i l c o n d i t i o n s . , 
•n the path i t s e l f sheep t r a m p l i n g and e r o s i o n can e x p l a i n i n c r e a s e d 
s o i l c o m pactionwhich i s a l s o the c a u s e of s h a l l o w e r s o i l s . . Droppings 
can a c c o u n t f o r the i n c r e a s e i n o r g a n i c m a t t e r and phosphate.. Dung i s 
a l m o s t e n t i r e l y c o n f i n e d to the t r a c k s and i m m e d i a t e l y e i t h e r s i d e * 
Some samples of s h e e p s ' d r o p p i n g s were a n a l y s e d i n the same way as the 
s o i l ( T a b l e 16).. E x t r e m e l y h i g h p e r c e n t a g e o r g a n i c m a t t e r and pirosphate 
c o n t e n t were r e c o r d e d . These w i l l f e r t i l i s e the s o i l as the d r o p p i n g s 
decay. I n d e e d , i t i s s u r p r i s i n g t h a t the phosphate c o n t e n t of s o i l d 
a l o n g t h e t r a c k , and p a r t i c u l a r l y i n . h o l l o w s where dung c o n c e n t r a t i o n s a r e 
v e r y h i g h , i s not much g r e a t e r . , The low v a l u e s cannot be a c c o u n t e d fox by 
the e x t r a c t i o n t e c h n i q u e which i s known to be e f f i c i e n t . . Some phosphate 
may be l o c k e d i n t h e s o i l i n a n . u n a v a i l a b l e form but i t i s l i k e l y t h a t most 
i s l o s t by l e a c h i n g . , T h i s i d e a was c o n f i r m e d by the l a s t s e t of s o i l 
s amples which were c o l l e c t e d a f t e r a p e r i o d of heavy raini.. They came from 
a v a r i e t y of s i t e s but alL gave lower phosphate v a l u e s than had been; 
r e c o r d e d p r e v i o u s l y . , A s t u d y by c r i s p ( 1 9 6 6 ) afc Moor-house g i v e s aj 
q u a n t i t a t i v e measure of the movements of phosphorus w i t h i n the ecosystem., 
oie s t r e s s e s t h a t the main- l o s s e s from the s y s t e m a r e v i a peat, e r o s i o n and 
i n s o l u t i o n , i n s t r e a m water., Uiddybank F e l l , i s a very s i m i l a r : e n v i r o n ^ 
ment and the same c o n d i t i o n s ^ p r o b a b l y h o l d t r u e . The higharpH on t r a c k 
s o i l s ; s u p p o r t i n g Poa annua compared w i t h the s u r r o u n d i n g s o i l s can a l s o 
be e x p l a i n e d by the p r e s e n c e of s h e e p s ' dung.. T h i s gave pH v a l u e s of 
7.0 - 8*0 when a n a l y s e d i n the l a b o r a t o r y . . The v a l u e s a r e v e r y s i m i l a r 
to t h e pH! r e c o r d e d i n t h e g r a s s l a n d s o i l s * , T h e r e f o r e i t i s u n d e r s t a n d -
a b l e t h a t t h e r e i s no phi: c o n t r a s t between t r a c k and o t h e r s i t e s i n t h e s e 
s e c t i o n s : . ilhe o t h e r s o i l measurements d i d not v a r y s i g n i f i c a n t l y on and 
o f f t h e path., These f a c t o r s were m o i s t u r e c o n t e n t and f i e l d c a p a c i t y . 
They a r e not g r e a t l y m o d i f i e d by sheep t r a m p l i n g or f e r t i l i s a t i o n and 
t h e r e f o r e cannot be a major c o n t r o l on weed d i s t r i b u t i o n s ; . 
The i m p o r t a n c e of s o i l c h a r a c t e r i s t i c s i n d e t e r m i n i n g wee.d c o l o n i s -
a t i o n and s u r v i v a l i s c o n f i r m e d by greenhouse experiments.. Both Be H i s 
p e r e n n i s and Poa annua f a i l e d to s u r v i v e u s i n g s o i l samples c o l l e c t e d 
away from the t r a c k . , I t i s i n c o n c e i v a b l e t h a t b a r r i e r s to d i s p e r s a l 
l i m i t weed d i s t r i b u t i o n s on such a s m a l l s c a l e . , F u r t h e r m o r e , the sheep 
p a t h s and the B i r k d a l e t r a c k have been i n e x i s t e n c e throughout t h i s 
c e n t u r y and the Top T r a c k was a l s o used_ by m i n e r s to c r o s s the f e l l 
d u r i n g the n i n e t e e n t h century.. T h e r e f o r e weeds have p r o b a b l y been 
p r e s e n t f o r a long w h i l e p a r t i c u l a r l y on the Top Track., M i g r a t i o n o f f 
t h i s t r a c k under p r e s e n t c o n d i t i o n s , i t i s s u g g e s t e d , i s c o m p l e t e . 
However, s p r e a d to other t r a c k s which a r e l e s s w e l l used may s t i l l be 
o c c u r i n g . 
I n c o n c l u s i o n , o r g a n i c and phosphate e n r i c h m e n t of t r a c k s o i l s may 
have encouraged weed growth. I n c r e a s e d phi i s also.! i m p o r t a n t i n a r e a s of 
a c i d i c h e a t h l a n d . S o i l compaction i s c o r r e l a t e d w i t h the p r e s e n c e of 
weeds. I t i s p r o b a b l y i m p o r t a n t b e c a u s e compaction i s a measure of the 
amount of t r a m p l i n g , e r o s i o n and sheep f e r t i l i s a t i o n on the t r a c k . 
Sheep a l s o b a r e the ground along the p a t h s which e n a b l e s weeds to. 
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coloimise r e l a t i v e l y f r e e , frotm c o m p e t i t i o j n * However, t h e r e i s a 
s i g n i f i c a n t d e c l i n e i n the p e r c e n t a g e b a r e ground away from the t r a c k -
T h i s i m p l i e s t h a t the a v a i l a b i l i t y of s i t e s f o r c o l o n i s a t i o n as w e l l 
as s o i l c h a r a c t e r i s t i c s may l i m i t weed m i g r a t i o n * I f t h i s i s t r u e then 
an: i n c r e a s e i n sheep p r e s s u r e or even c o n t i n u e d use of the l a n d a t the 
samB s t o c k i n g i n t e n s i t y c o u l d r e s u l t , i n f u r t h e r e r o s i o n . t h i s icv t u r n 
GJOUIO enhance weed spread!.. Cerastiumi hoILQjsteoidBS seems to be; an 
e x c e p t i o n to t h i s r u l e * I t has s p r e a d f u r t h e r from the sheep t r a c k s 
thani any o t h e r weed, and i s a l s o r e c o r d e d f o r 20Qmi along the path to, 
the gas b o r e h o l e where o t h e r weeds a r e a b s e n t * B;oth t h e s e s i t e s a r e 
n o t a b l e f o r t h e i r |^ck of b a r e ground. The absence, of b a r e ground an 
S e c t i o n s 2 and 3 of/Summit T r a c k i s p r o b a b l y am i m p o r t a n t r e a s o n f o r t h e 
Hack of weeds h e r e * The s o i l , c o n d i t i o n s a r e mot s i g n i f i c a n t l y 
d i f f e r e n t from t h o s e i n S e c t i o n 1; where weeds a r e abundant and the; 
ground i s eroded ( T a b l e s 17-23).. 
Work by S j o g r e n ( 1 9 7 0 ) on the B a l t i c i s l a n d o f Oland c o n f i r m s t h i s 
v i e w . The o r i g i n a l s t o c k i n g i n t e n s i t y on t h i s l i m e s t o n e h e a t h l a n d , was 
l e s s than: 0*1 ewe/ha .. The v e g e t a t i o n had r e a c h e d a b a l a n c e w i t h t h i s 
g r a z i n g i n t e n s i t y so t h a t t h e r e was only a s l i g h t r e d u c t i o n ira s p e c i e s 
d i v e r s i t y . , However in; 19&0_ i.ntensive.dieepj g r a z i n g a t 1 ewe/ha mass 
i n t r o d u c e d during, summer p e r i o d s . im p r a c t i c e the p r e s s u r e was. much, 
h i g h e r than t h i s b e c a u s e the sheep c o n c e n t r a t e d i n the a r e a s o>f 
Auenefaumi type h e r b a c i o u s v e g e t a t i o n * 20 - 50% of t h e g r a s s l a n d was 
u n p a l a t a b l e . . Damage by g r a z i n g and t r a m p l i n g was s e v e r s * S p e c i e s 
w i t h weak r o o t s were upro o t e d by the sheep;) e*g*: Vio.ia pumdJ-a. 
L u z L i l a c a m p e s t r i s . V e r o n i c a s p c i c a t a . O r c h i d s were c o m p l e t e l y 
d e s t r o y e d and were e x t r e m e l y slow to r e c o l o n i s e * Furthermore- manuring 
induced! c o m p e t i t i o n ! from: anthropoxrhorous s p e c i e s - e.g*: C i r s i u m i a r u e o s e . 
R-taa anrama. S t e l l a r i a media., Urteica d i o i c a . C a p s e l l a b u r s a - P a s t o i l s . , 
and Geraniumi roherfcianum).. T r a m p l i n g d e s t r o y e d the moss3 and: l i c h e n 
l a y e r r e s u l t i n g im s e v e r e e r o s i o n , p a r t i c u l a r l y where F e s t u c a t u s s o c k 
v e g e t a t i o n : w a s dominant* 10CC y e a r s i s s u g g e s t e d as t h e t i m e 
r e q u i r e m e n t f o r complete r e c o l o n i s a t i o m of t h e bare s o i l * The. 
recommended ewe p r e s s u r e , i s CL.35 ewe; + lambs/ha* But a dry summer 
w i l l enhance e r o s i o n and s t o c k i n g l e v e l s need to be r e d u c e d by 75%» 
The s i t u a t i o n i s not as s e r i o u s on: Uliddybank F e l l a l t h o u g h s t o c k i n g 
l e v e l s a r e higher.. In: the permaraemt t r a n s e c t s n.O) s p e c i e s recorded! 
o f f t h e t r a c k c o u l d not a l s o be found on the t r a c k * (However, d i r e c t 
o b s e r v a t i o n : of sheep and dung c o u n t s t o g e t h e r w i t h d a t a from C o u l s o n 
( 1 9 7 8 ) i n d i c a t e t h a t l o c a l p r e s s u r e i n g r a s s l a n d s e c t i o n s can: be v e r y 
h i g h ( 5 e w e s / h a ) * T h i s i s t r u e on the Lowest T r a c k nofably i n a r e a s 
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liAttLE 1? : SOIL pB! MEASURED FROM, THE S u T O l I SHEEP TRACK 
S e c t l o n i 1 Sec.tLo.ru 2. S e c t i o n . 3 
111 6.4 4.01 4.11 
JZi 6.. 3 3.9 4.5. 
T3> 6.1 4.2 4.3 
14 5.9 3.7 4*0; 
15 5..3 4.0, 3.9 
l vlann>-Uhitney U t e s t to, d e t e r m i n e whether there. is:> a s i g n i f i c a n t ; 
d i f f e r e n c e betweean the pHl of s o i l s ; in. S e c t i o n tl where; weeds grow 
and S e c t i o n s 2 and 3 w i t h o u t weeds: 
U = 0 S i g n i f i c a n t a t Qv001 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
TABLE 18, ; SOIL MOISTURE % MEASURED FROM THE SUMMIT SHEEP TRACK 
S e c t i o m 1 S e c t i o n 2 S e c t i o m 3 
Til 21 26 24 
T2 23 20 19 
T3. 34 26 28 
T4 35 27 26 
I S 28 22 26 
d'anrr-Uhitney U t e s t toj d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e betwee.ni the m o i s t u r e % of s o i l s i n S e c t i o n 1 where; uieeids 
grow and S e c t i o n s 2 and 3 w i t h o u t weeds: 
U = 15 Not s i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l . . . 
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TABLLE. 1 9 : SOIL ORGANIC % MEASURED FROM THE SUMMIT SH£EP TRACK 
S e c t i o n . 1 S e c t i o n . 2 S e c t i o n ; 3: 
Til 1 B 27 28 
T2 15 23 26 
13: 22 34 26 
T4 38, 2 2 22 
T5 2 3 23 25 
Manm-Whitney U t e s t to de t e r m i n e whether t h e r e i s a s d g n i f i c a m t 
d i f f e r e n c e i n the % o r g a n i c matter., o f s o i l s inn S e c t i o n i 1 where, 
weeds grow and S e c t i o n s 2 and 35 w i t h o u t weeds: 
Ui = 3:0 Not s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l . . 
TABLE 2 0 : SOIL DENSITY (q/cm 3 j) measured from, the SUMMIT 
SHEEP TRACK 
S e c t i o n : 1 S e c t i o n . 2, S e c t i o n ; 3 
TT1 05. 3.0, 0.19 OJ.22 
T 2 0J.26 0 . 1 8 0 . 1 9 
13 0.27 0 . 1 a a.17 
14 OJ.19 0 . 2 0 0 . 1 9 
15; 0.27 0.18, 0 . 1 9 
M i a n i F i i f - W h i t n e y U t e s t to deter m i n e whether t h e r e i s a. s i g n i f i c a n t 
d i f f e r e n c e i n the d e n s i t y of s o i l s im; S e c t i o n 1 where weeds grow 
and S e c t i o n s 2 and 3J w i t h o u t weeds: 
Ul = 2 S i g n i f i c a n t a t 0 . 0 1 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
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T.ABLE- 21 ; S O I L F I E L D CAPACITY ( c m 3 of w a t e r / 1 0 0 cm 3 o f a o l l . ) 
MEASURED FROM THE sUHI/II I SHEEP IRACK. 
T1 
12 
T!3i 
¥4 
T5. 
MarniFr-liJhLtney U t e s t , to d e t e r m i n e whether t h e r e i s a s i g n i f i c a m t 
d i f f e r e n c e i n t h e f i e l d c a p a c i t y o f s o i l s i n i S e c t i o n 1 where 
weeds grow and i m S e c t i o n s 2 and 3; without weeds: 
UJ = 12 W'ot s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l . 
S e c t i o n i tl 
5.9 
9.& 
3*2 
3.5 
S e c t i o n 2 
11.1 
9.3 
93.7 
5.5 
6.4 
S : e c t i o n 3 
10.1 
4.3 
b.3 
5.1 
7.0 
TABLE 22/- : SOIL PHOSPHATE CONTENT (ST.Q/Q drv wt.. of s o i l . ) 
MEASURED FROM THE SUMMIT SHEEP TRACK. 
S e c t i o n 1 S e c t i o n ! 2 S e c t i o n . 3 
T1 .0111, .0.13 
12 . a 4 Q j .044 . 014 
1 3 .0.63 .0.36 .0)201 
1 4 .125, .041 .020. 
15) .028, .025 .015 
Mann^bJhitney U t e s t to d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e i n the phosphate c o n t e n t of s o i l s i n S e c t i o n 1 where 
weeds grow and i n , S e c t i o n s 2 and 3 w i t h o u t weeds. 
0] = 8 S i g n i f i c a n t a t 0.05. p r o b a b i l i t y l e v e l . . . 
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TABLE 23 ; SOIL PERTH (cm) MEASURED FROM. THE SUHRIT SHEEP TRACK 
S e c t i o n . 1 S e c t i o n , 2: S e c t i o n ; 3i 
T1 11 8 15 
T2 8 13 20) 
T3 5 15 22 
T4 3 15 1 Q 
TiS 6 10 12 
Flanni-UhiLtney U t e s t to d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e i m s o i l depth i n S e c t i o n 1 where weeds grow and i n . 
S e c t i o n s 2 and 3 w i t h o u t weeds* 
U = 3 S i g n i f i c a n t a t 0*0-1 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
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o.f r a r e p l a n t s near Nameless; S i Jeep-. weeds a r e not a g r e a t t h r e a t h e r e 
but d i r e c t e r o s i o n and g r a z i n g i s a v e r y r e a l danger to t h e r a t e p l a n t s * 
These s p e c i e s a r e v e r y s u s c e p t i b l e to damage by g r a z i n g * For 
i n s t a n c e , a 5 y e a r s u r v e y of gentians a t Moor House, l\ l * Penninss;, 
showed t h a t f l o w e r i n g and f r u i t i n g a r e i n h i b i t e d by sheep g r a z i n g * 
T h e r e f o r e r e p r o d u c t i o n ; i s l i m i t e d ^.Rawes 1 9 6 4 ) * 
S o i l s amples t a k e n fromi on and o f f the Lowest T r a c k i n a r e a s of 
r a r e p l a n t s were a n a l y s e d as above ( T a b l e s 24 to 3 D ) . They showed no 
s i g n i f i c a n t d i f f e r e n c e s in, edaphic. c h a r a c t e r i s t i c s * The f a c t t h a t 
t r a c k s o i l s a r e not g r e a t l y m o d i f i e d by the sheep h e l p s to e x p l a i n the 
l a c k of weeds even on the p a t h * F u r t h e r m o r e the s o i l c o n d i t i o n s a r e 
s i g n i f i c a n t l y d i f f e r e n t from, the g r a s s l a n d a r e a s of the Top_ Track where 
Blel.Lis p e r e n n i s grows* T h i s e n f o r c e s the view t h a t the s o i l , imposes 
l i m i t a t i o n s ? on weed d i s t r i b u t i o n s * f.he Lowest T r a c k r e c e i v e s l e s s , use 
than the lop i r a c k - i t has a low dung count.,. As a r e s u l t the sheep 
have c a u s e d no major changes i n s o i l c o n d i t i o n s a l o n g the p a t h * I n d e e d 
they a r e a v i t a l element i n m a i n t a i n i n g the ecosystemi* Sheep g r a z i n g 
keeps p r o d u c t i v i t y and c o m p e t i t i o n a t a low l e v e l thus e n a b l i n g a h i g h 
s p e c i e s d i v e r s i t y to p e r s i s t * B e l l a m y ( 1 9 6 9 ) s u g g e s t s t h a t sheep 
r a t h e r than c l i m a t e may be the fundamental f a c t o r behind the e x i s t e n c e 
of the r a r e p l a n t c o m m u n i t i e s * They have c a u s e d the contemporary 
s t a b l i s a t i o m of boundary complexes th u s c r e a t i n g a unique v e g e t a t i o n . 
However, a s t u d y by Shur-Biagdasary/an ( 1 9 7 4 ) i n the s t e p p s zone of 
A r m e r i a shows t h a t the r e p r o d u c t i v e c a p a c i t y of p l a n t s ? v a r i e s w i t h the 
degree of overgrazing... As p r e s s u r e i n c r e a s e s s e e d y i e l d and numoer of 
s h o o t s of p e r e n n i a l p l a n t s decreases:.. Seed r e p r o d u c t i o n then occurs, 
m a i n l y i n a n n u a l weeds which dominate the h a b i t a t * There i s o b v i o u s l y 
a f i n e b a l a n c e on Uiddybank F e l l between n e c e s s a r y g r a z i n g and damage: 
bey o v e r g r a z i n g . . 
Although the Lowest T r a c k has not r e c e i v e d much use by sheep i t 
has been worn s u f f i c i e n t l y to posSBess^ a l a r g e p e r c e n t a g e of b a r e ground* 
Compared w i t h the o t h e r t h r e e t r a c k s t h e r e i s a l a r g e amount of bare 
ground i n p r o p o r t i o n to the number of weeds which have c o l o n i s e d ! . Even 
low s t o c k i n g i n t e n s i t i e s can t h r e a t e n t h e v e g e t a t i o n , i n such s e n s i t i v e 
a r e a s on the s u g a r l i m e s t o n e ( P l a t e 1 0 ) * However, weeds a r e not the 
problem d e s p i t e the p r e s e n c e of s i t e s a v a i l a b l e f o r c o l o n i s a t i o n and of 
weeds nearby*. The main, l i m i t to weed m i g r a t i o n onto the Lowest T r a c k 
and then to the l a n d e i t h e r s i d e would appear to be. u n f a v o u r a b l e s o i l 
conditions:.. U r g a n i c m a t t e r , m o i s t u r e c o n t e n t and phosphate c o n t e n t a r e 
v e r y low and the pHI v a l u e s a r e the h i g h e s t r e c o r d e d i n the e n t i r e s t d d y 
area.- Welch and Rawes ( 1 9 6 9 ) compared the m o i s t u r e c o n t e n t of t h e 
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TABLE. 24 t S OIL pfl! VALUES MEASURED KROM THE LOWEST SHEEP T.KACK 
S i t e 1 Q Q Q 1 U ) Q 1 1 E 
T.1 7.3 7.3 7.3 
Ti2 7.5 7.2 7.5 
T3i 7.5 7.5 7.5 
Ti4 7.0, 7.7 7.3. 
TfS 6.6 7.3 7.0J 
S i t e 2 
T1 7.2 7.4 7.4 
T2 7.3 7.5, 7.3 
T 3 7.6. 7.5 7.5 
T4 7.6 7.6. 7.5 
T5 6.7 6.3 6.8 
Mann-Whitney U t e s t to d e t e r m i n e . w h e t h e r t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between the pH! on and o f f the Lowest Track' i n a r e a s 
where r a r e p l a n t s grow; 
U = 99 ffl!o.t s i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l 
X2 t e s t to determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e , 
between the pH of s o i l samples on the Lowest T r a c k and on g r a s s l a n d 
s e c t i o n s of the Top T r a c k where B e l l i s p B r e n r t i s grows! 
X 2 = 13 .,0.7 S i g n i f i c a n t a t 0.00.1 p r o b a b i l i t y l e v e l . 
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fAHLE 25; ; S l l I L mOISTuRE. % I'lEabURLD t-'RUW ) HE Lull! E S T SHEEP TKftCK 
S i t e 11 % QIOJ Q I L 
n 40. 135 I B 
19 3C0J 411 
T3i 26, i s 22 
¥4 2a 16 37 
T5 20! 33> 271 
S i t e 2 
T1 16 3 20U 
TT2 20 27 19 
¥35 103 21 7 
¥4; 21 9; 22; 
u a 35. 35 3j1 
ffiarwiji-ldhitney Ul t e s t , to determine whether t h e r e i s , a s i g n i f i c a n t 
d i f f e r e n c e between t h e m o i s t u r e % of s o i l s s on and o f f the Lowest 
T r a c k i n a r e a s where r a r e p l a n t s groffi: 
KJI = 46 Miot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y level!.* 
X 2 t e s t t o de t e r m i n e whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e : 
between the m o i s t u r e % of s o i l samples:- on the Lowest. T r a c k and 
t h o s e o n . g r a s s l a n d s e c t i o n s : o f the Top T r a c k where B e l l i s p e r e n n l s 
grows: 
X 2 = 5*47 S i g n i f i c a n t a t 0.=05. p r o b a b i l i t y / l e v e i l i 
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T.A&LE 2&. : SOD. ORGANIC % MEASURED KROi-i THE LOWEST SHEEP TRACK 
S i t e 1 Q 1 U I Q f E 
T1 1 2 11 1 8 
T 2 11 12 11 
¥35 10 1 5 1 3 
T4 2 4 a 1 5 
¥ 5 2 0 1 9 21 
S i t e ; 2 . 
T1 2 0 7 117 
¥ 2 235 16; 24 
¥ 3 1 2 i a 4 
1 4 15: a 1 4 
¥5 , 24 2 3 2 7 
I'larrnt-bJhitney U t e s t to d e t e r m i n e whether t h e r e i s s au s i g n i f i c a n t , 
d i f f e r e n c e i n the o r g a n i c % of s o i l s on and o f f the Lowest T r a c k 
i n a r e a s where r a r e p l a n t s grew: 
U = 77 itot s i g n i f i c a n t a t 0.,05j p r o b a b i l i t y l e v e l . 
X 2 t e s t to d e t e r m i n e whether, t h e r e i s a s i g n i f i c a n t , d i f f e r e n c e 
between o r g a n i c : % of s o i l s a m p l e s on the Lowest T r a c k and t h o s e 
on the g r a s s l a n d s e c t i o n s of t h e Top I r a c k where t a e H i e p e r e n n i s . 
yrows; 
X 2 = 7.43 S i g n i f i c a n t a t 0..0J1 p r o b a b i l i t y l e v e l . . 
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JABLE. 2?? ; SuTL u EN S I TV (oVosn?) riEASuKtu trRUhi THE LuUEST SHEEP 
TRACK 
S i t e 1 Q Q 1 E 
T1 0J*31 0*35 0.28 
T2 0:..34 QJ*29 01*35 
T3J 0*31 0.2 S 0*31 
T4 0.29 0*3.5 0,* 28; 
T5, 0*29 0..2S 0*26 
S i t e 2 
m 0.24 0.3.2 0*23 
T2 0*34 0*26 0*24 
T;3i 0*36- 0*18 0*36 
T4 0*22 0.,28 0*33. 
T5. 0*25 0*25 0*26 
FIann;-U)hitney U t e s t to d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e inn t h e d e n s i t y ( c o m p a c t i o n ) of s o i l s on and o f f the 
Lowest T r a c k i n a r e a s where r a r e p l a n t s grow; 
U = 86 N:ot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l . 
X 2 t e s t to d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n . 
the d e n s i t y (compaction.) of s o i l samples on. t h e Lowest T r a c k and 
t h o s e on the g r a s s l a n d s e c t i o n s of the Top T r a c k where B e l l l s p e r e n n i s ; 
grows: 
X 2 = 3*80 Nlot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l . 
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liAEELE. 28 t. SOIL F I E L D CAPACI ii I cm? of mater/tOtton. 3 of s o i l ) 
MEASURED FROM I HE LOWEST SHEEP TRACK 
S i t e 1 Q0. QUE 
¥1 8..0 7 .5. 5.2: 
T2 11 .1 11 .0. 10.8 
¥3 .a„a 8.5 9.6 
¥4 16.8 8.0, 9.4 
¥5 7..1 13.1 8.7 
S i t e 2 
¥1 9.1 a.6 6.3. 
¥2 10. OJ 9.7 9.5 
¥3; 14.5: 6.7 a.1 
¥4* 7.9 7..6 8.7 
¥5, 8.5 im.1 13.5 
Mann-Whitney Ui t e s t to, d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between t h e f i e l d c a p a c i t y / of s o i l s ; an and o f f the 
Lowest T r a c k i n a r e a s where r a r e p l a n t s grow; 
Ul = 82 Wat s i g n i f i c a n t a t 0.05, p r o b a b i l i t y l e v e l 
X 2 t e s t t o d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
the f i e l d c a p a c i t y of s o i l s an the Lowest Track, and t h o s e on t h e 
g r a s s l a n d s e c t i o n s of the Top T r a c k where B e l l i s p e r e n n i s grxui/s: 
X 2 = 1.82 {tot s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l . 
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TABLE 29 : SOIL PHQSPnATiE CONTENT (mo/g dry, tut, of s o i l ) 
MEASURED FROPI! THE LOWEST, SHEEP TRACK 
S i t e 1 QQJ Q 1 U Q 1 E 
T1 .009 .00.6 .013 
¥2 .015 ..010 .017 
T3 .005.. .005 .016^ 
T4 .011 .009 .oas 
T5 .00)7 .010, .0)111 
S i t e 2: 
T1 
T2-: 
T 3 
T4 
T5 
.00)1 
.004! 
• OQA 
.00)3 
.00)6 
.001 
• 00:4 
k0Qj4 
.00)2 
.010 
.00.6 
.003 
.0:0)9 
.004 
.004 
[ t l a n n - B h i t n e y U t e s t to d e t e r m i n e whethern there: i s a s i g n i f i c a n t 
d i f f e r e n c e betweeni the phosphate c o n t e n t of s o i l s on and o f f the 
Lowest T r a c k i n a r e a s where r a r e p l a n t s grow: 
Ul = 97 Mot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l . 
X 2 t e s t to de t e r m i n e whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e in, 
the phosphate c o n t e n t of s o i l s on the L o w e s t s h e e p T r a c k and t h o s e 
on the g r a s s l a n d s e c t i o n s of t h e Top T r a c k where g e l l i s p e r e n n i s 
grows: 
X 2 = 6.30 S i g n i f i c a n t at. 0...05 p r o b a b i l i t y l e v e l . 
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I ABLE 30 ; SOIL DEPTH (cmi) I'flEAaURED KROlfl THE LOWEST SHEEP I ft AUK 
S i t e 1 Q 0 Q-1W. 0-1 E 
in 9 13 16 
12. y. 9 8 
135 15 18; 15 
T4 6< 10 9 
T5. 14 17 17 
S i t e 2 
T1 2 10 
12 4 4 10i 
13; 6. 7 7 
14 11 1'4 14 
15 10 15 5 
Plann-Whitney U t e s t to d e t e r m i n e whether t h e r e i s a s i g n i f i c a n t 
d i f f e r e n c e between the depth of s o i l s on and o f f the Lowest 
Track i n a r e a s where r a r e piLants greiw; 
U = 61 S i g n i f i c a n t at. 0..05 p r o b a b i l i t y l e v e l ( 1 - t a i l e d t e s t ) 
tesrt to d e t e r m i n e whether,- t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
the depth of s o i l s on t h e Lowest Track and t h o s e on g r a s s l a n d 
s e c t i o n s of the Top T r a c k where B i s l l i s p e r e n n i s grows: 
X^ = 5.26 S i g n i f i c a n t a t 0.J35 p r o b a b i l i t y l e v e l . 
P l a t e 103 :. Hollow eroded by sheep i n , ani a r e a of S u g a r Limestone: 
rnear, the Lowest Sheep T r a c k 
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sugar l i m e s t o n e s o i l s i n areas w i t h and w i t h o u t r a r e p l a n t s . , The 
former have values below 20% which r e s t r i c t s the species; d i v e r s i t y and 
enables r a r e species; t o s u r v i v e r e l a t i v e l y f r e e , frorrn c o m p e t i t i o n . The 
l a c k of m o i s t u r e produces m o i s t u r e t e n s i o n s i n most p l a n t s i n c l u d i n g 
weedy species which are g r e a t e r than the permanent w i l t i n g p o i n t d u r i n g 
summer., Tine l a c k of v;egetation can. i n t u r n account f o r t h e low rtumuss 
c o n t e n t and h i g h pHi of the s o i l s which a l s o discourages weed g r o w t h . 
However, where m o i s t u r e c o n c e n t r a t e s i n h o l l o w s j u s t above Red S i k e ^ 
a g r e a t v a r i e t y of weed species have c o l o n i s e d . 
S o i l samples were not taken, from the s i d e s of the S i r k d a l e Track 
i n an e f f o r t t o keep damage t o a minimum e s p e c i a l l y where people walk. 
However, thB c o r r e l a t i o n between B e l l i s perennis. i n g r a s s l a n d areas 
and Poa annua on h e a t h l a n d s e c t i o n s found along t h e sheep t r a c k s i s 
again recorded.., This suggests t h a t s o i l may once more be the common 
f a c t o r l i n k i n g these v a r i a b l e s . , Furthermore the p e a k °-f B e l l i s ; 
p e r e n n i s 1-2m from the road i n s e c t i o n 1 conforms t o t h e p a t t e r n found by 
S t r e e t e r (1970) on ch a l k downland a t Box H i l l , Surrejs. He t e s t e d the 
n u t r i e n t c o n t e n t of the s o i l a t v a r y i n g d i s t a n c e s from the p a t h . L e v e l s 
on and i m m e d i a t e l y e i t h e r s i d e were very low but t h e r e were peak 
c o n c e n t r a t i o n s , e s p e c i a l l y of n i t r o g e n , a s h o r t d i s t a n c e away. He 
argues t h a t the n a t u r a l v e g e t a t i o n i s adapted t o the g e n e r a l n u t r i e n t 
poor c o n d i t i o n s . . P l a n t s have low growth r a t e s and i n t e r - s p e c i e s : 
c o m p e t i t i o n i i s a t a low l e v e l so t h a t t h e r e i s a h i g h species d i v e r s i t y . 
However, where t h e r e i s t r a m p l i n g and a d d i t i o n of n u t r i e n t s species w i t h 
a h i g h r a t e of p r o d u c t i o n and r e p r o d u c t i o n are a t an. advantage, e.g. 
Taraxacum o f f i c i n a l e and Plantaqo major.. On the path i t s e l f p ressure 
i s extreme r e s u l t i n g i n erosiomi and loss; o f n u t r i e n t s . Here even weed 
species f i n d i t d i f f i c u l t t o s u r v i v e . . This patterns p r o b a b l y a l s o e x i s t s 
along the B i r k d a l e ( r a c k where human pre s s u r e i s i n t e n s e - People tend 
t o u a l k along t h e r o a d s i d e r a t h e r thani ami the t r a c k i t s e l f . This was 
p a r t i c u l a r l y t r u e befoE the road was t a r r e d i n . 1970 and was composed 
• f coarse g r a v e l -
On the K i r k d a l e lirack Saoina procumbens i s more abundant im 
h e a t h l a n d than g r a s s l a n d areas i n c o n t r a s t t o i t s l o c a t i o n ! on the sheep 
t r a c k s . . T h i s c o n f i r m s the i d e a t h a t the d i s t r i b u t i o n , o f t h i s weed and 
al s o the o t h e r minor species are n o t so s t r i n g e n t l y c o n t r o l l e d by s o i l 
c o n d i t i o n s . , The ground on e i t h e r s i d e of the EEirkdale Track i s w e l l 
t r a m p l e d but f e r t i l i s a t i o n e i t h e r by sheep or l i t t e r d e p o s i t i o n does n o t 
appear t o be important.. T h e r e f o r e s o i l c o n d i t i o n s may f a i l t o p r o v i d e 
an e x p l a n a t i o n f o r the e x t e n t of weed, m i g r a t i o n as w e l l . I n t h i s case, 
i t i s suggested t h a t d i s t u r b a n c e of the ground may l i m i t weed 
d i s t r i b u t i o n s . . There i s a s i g n i f i c a n t d e c l i n e i n the percentage bare 
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ground away from the road., I t i s suggested t h a t a complete v e g e t a t i o n * 
m:at i n h i b i t s the e s t a b l i s h m e n t and s u r v i v a l of weed s p e c i e s . An 
e x c e p t i o n t o t h i s i d e a are the very c a l c a r e o u s s i t e s near the 
M e t e o r o l o g i c a l S t a t i o n . , Here a s e c t i o n , of t u r f 6 f t . , x 3 f t . was 
removed i n 1962. The patch i s now w e l l c o l o n i s e d by l i m e s t o n e species 
bxjt no weeds have taken advantage of t h i s area of bare ground;. Blarriers-
t o m i g r a t i o n are once again r e j e c t e d as an e x p l a n a t i o n f o r the e x t e n t o f 
weed c o l o n i s a t i o n . , v e g e t a t i v e spread alone should a l l o w the weed verge= 
to be widenedj i f the p h y s i c a l c o n d i t i o n s are f a v o u r a b l e . 
The e f f e c t of human d i s t u r b a n c e i s a l s o shown by the t r a c k through: 
t o Borehole 44 from the B i r k d a l e Track., The percentage bare ground a t 
e i t h e r end i s not very h i g h now b u t must have been, s e v e r e l y eroded i n 
1966:.. Uee;ds are abundant i n these areas;. However, i n the c e n t r a l 
s e c t i o n where the p:ath d i v i d e s d i s t u r b a n c e was; much less; severe and 
weeds are almost c o m p l e t e l y absent.. Furthermore they have no;t spread 
i n t o t h i s area from e i t h e r end. 
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CHABTER: 4 — UQNULUSIONS 
V 
There are a l a r g e number o f weeds: oni Uiddybank F e l l * However, 
t h e problem i s l e s s s e r i o u s than t h e i r abundance would suggest. The 
weeds are n o t l i m i t e d i n t h e i r d i s t r i b u t i o n by t h e i r i n a b i l i t y to 
d i s p e r s e . The main c o n t r o l seems t o be the. p h y s i c a l c h a r a c t e r i s t i c s 
of the area,, nolably s o i l c o n d i t i o n s . The species s t u d i e d f i n d i t 
ext r e m e l y d i f f i c u l t t o grow i n the Sugar Limestone s o i l s which s u p p o r t 
many of the r a r e p l a n t communities.. This i s p a r t i c u l a r l y t r u e of 
Poa annua which i s a r e c e n t c o l o n i s e r , on the f e l l s . I t i s very 
u n l i k e l y t h a t weeds and r a r e p l a n t s wili.-.comie i n t r a c o m p e t i t i o n ) w i t h 
one another.. However, o t h e r communities p a r t i c u l a r l y , i n the heathlartd 
s e c t i o n s may be i n danger i f the weeds c o n t i n u e t o i n c r e a s e i n 
abundance... 
A more s e r i o u s problem a t the moment seems t o be the damage-
caused by t r a m p l i n g and e r o s i o n o f the groundi. This s i t u a t i o n r e q u i r e s 
f u r t h e r i n v e s t i g a t i o n . However,, t h i s i n i t i a l s t u dy shows t h a t this 
sheep have c r e a t e d areas, o f bare ground along the t r a c k through the 
Sugar Limestone. Together w i t h grazing., e r o s i o n may t h r e a t e n t h e 
p o p u l a t i o n s ; o f species; which are mot very abundant. Sheep may cause 
f u r t h e r a l t e r a t i o n ! o f r a r e p l a n t communities by f e r t i l i s i n g t h e ground 
and thus a l t e r i n g s o i l , c o n d i t i o n s * T h i s does n o t seen t o have ojccured 
a t the moment and may not become a problem i f s t o c k i n g d e n s i t i e s remain 
c o n s t a n t . However, an, i n c r e a s e i n sheep p r e s s u r e would c e r t a i n l y be a 
very s e r i o u s t h r e a t , t o t h e v e g e t a t i o n . , The Sugar Limestone g r a s s l a n d s 
are one area which has very good g r a z i n g and the sheep tend to. 
congregate here i n * l a r g e numbers. The t r a c k s are not very w e l l 
d e f i n e d because the ;.sheep wander about where the ground i s open. 
N e v e r t h e l e s s the o v e r a l l , damage t o these areas, i s g r e a t e r t h a n i n the 
h e a t h l a n d s e c t i o n s . . 
On. the B i r k d a l e Track weeds are more abundant than, along the sheep, 
t r a c k s . Furthermore they are i n c r e a s i n g b oth i n numbers and i n species; 
v a r i e t y . , Most of the ground by the road does n o t c o n t a i n i m p o r t a n t , 
r a r e p l a n t communities.. However, t h e r e i s a s m a l l area j u s t south of 
Slapestone Sike' where M.oarowort i s abundant and a s t r e t c h by the 
frieteonaLogical S t a t i o n i n which Gentians are very common,.. Both an 
i n c r e a s e i n weeds and i n the % bare ground must be stopped i f these 
communities are t o be preserved.. I t i s i r o n i c a l t h a t t h e people who 
come t o see these p l a n t s are a l s o d e s t r o y i n g them by d i s t u r b i n g the 
ground.,, v i o l a r i t f i n i a n a . i s a l r e a d y absent from, most s e c t i o n s of the; 
verge., Furthermore an i n c r e a s e of weeds along t h e B i r k d a l e ^ Track may 
e v e n t u a l l y i n t r o d u c e species which w i l l be capable of growing i n , t h e 
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same h a b i t a t s as the r a t e p l a n t s . 
I t i s i m p o r t a n t t o a c t now w h i l e the s i t u a t i o n ! can. s t i l l be saved* 
This w i l l i n v o l v e work both on the p a r t o f the l o c a l farmers and the 
Mature Conservancy/. 
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APPEiiuIX rt 
S t a t i s t i c a l t e s t s om the d i s t r i b u t i o n ! o f weeds: 
Only non>-p:arametric t e s t s were used because the assumptions 
i n v o l v e d i n u s i n g p a r a m e t r i c t e s t s were not v a l i d . The d i s t r i b u t i o n 
o f weeds was s t u d i e d s t a t i s t i c a l l y by c a l c u l a t i n g the chi-squared. 
s t a t i s t i c . 
Procedure f o r X 2 t e s t : 
Formulate IHIQ and Ei-j • Decide upom the r e j e c t i o n ! l e v e l . 
Tfabulate the observed f r e q u e n c i e s ( 0 ) and c a l c u l a t e the expected 
f r e q u e n c i e s (E).> 
L a l c u l a t e X 2 = iO - E ) 2 
Obtaim the s i g n I f a i c a n c e of t h e r e s u l t from, a X 2 p r o b a b i l i t y t a b l l a . 
Ho i s t h e n u l l hypcLt t res is t h a t t h e r e ilS5 no s i g n i f i c a m t d i f f e r e n c e ; 
between the d i s t r i b u t i o n ! of weed s p e c i e s . 
'e$i i s the a l i t e r n a t i v e h y p o t h e s i s t h a t t h e r e i s a s i g n i f i c a r a t . d i f f e r e n c e 
between the d i s t r i b u t i o n , o f weed species.. 
In: a l l cases the r e j e c t i o n ) l e v e l i s °£ = ffi.fiDb.. 
Degress of freedom. ^  ( r - 1} ( k - 1) where-r i s number of rows.. 
and. k i s number o f columns., 
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X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n the: 
abundance of" weeds along the 4 sheep t r a c k s : 
Poa annua: X 2 = 51*02 (dtf 12) 
B i e l l i s p e r e n n i s : 
Ranunculus repens: 
Saqlrra procumtiens: 
S i g n i f i c a n t a t 0.001. p r o b a b i l i t y l a u e l 
% eoverr - Hop > Summit. > M i d d l e > Lcwest Tracks 
X 2 = 14.53J (dtf = 6) 
S i g n i f f i c a n i t a t 0*05. p r o b a b i l i t y l e v e l 
% cover - TORJ > middle > Summit > Lowest Tracks 
X 2 = 16.61 (df. = 3) 
S i g n i f i c a n t a t 0_00)1! p r o b a b i l i t y , levelL 
Presence - Summit anci Lowest. > Top and M i d d l e Tracks 
X 2 = 6.47 (df = 3) 
\%ot s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l 
Cerastiumi h o l o e t e o i d e s r X = 9.25 ( d f = 3} 
S i g n i f i c a n t a t 0-05 p r o b a b i l i t y l e v e l . 
Presence - Summit > Top and Middle > Lowest t r a c k s 
¥araxacumi o f f i c i n a l e : X 2 = 14.8:9 (d.f = 3) 
S i g n i f i c a n t at. 0-01 p r o b a b i l i t y l e v e l . 
Presence - Top.. > Middle and Summit > Lowest Tracks; 
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X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
the abundance of weeds between, g r a s s l a n d and heathland. s e c t i o n s of 
the 4 sheep t r a c k s : 
PQja annua; X 2 = 83*48, ( d f = 1) 
S i g n i f i c a n t a t 0.0011 p r o b a b i l i t y lev/el 
Presence - HWeathland > Grassland 
B s l l i s perenmis; X 2 = 58.66. ( d f = 1) 
S i g n i f i c a n t a t Qj.Oujtl p r o b a b i l i t y l e v e l . 
Presence:1 - Grassland y, Haathland 
Ranunculus repens; X 2 = 21*99 ( d f = 1 ) 
S i g n i f i c a n t a t 0..00.1 p r o b a b i l i t y l e v e l 
Presence - Grassland. ^ iHieathland. 
Sagina procumbensa X 2 = 8.91 ( d f = 1) 
S i g n i f i c a n t a t Q;.0JJ p r o b a b i l i t y / l e v e l 
Presence - Grassland > Hiieathland 
Cerastium. holo:steoides: X = 8.54 ( d f = 1) 
Wot s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l , 
o 
T a r a x a c u m i o f f i c i n a l e ; X = 3.J.6 ( d f = 1) 
i\)ot s i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l . 
X t e s t t o determine whether t h e presence of poa a n n u a A Callunia v u l g a r i s 
are n e g a t i v e l y a s s o c i a t e d : 
X 2 = 4.01 ( d f l = 1) 
S i g n i f i c a n t a t 0.85 p r o b a b i l i t y l e v e l . 
-88 
o 
X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d e c l i n e , i n . the 
abundance of weeds along the Lowest Sheep Track away/ f r o m the 
B i r k d a l e Track; 
P'oa annua; X 2 = 1-28; ( d f = 3J) 
N-o'ji. s i g n i f i c a n t a t 8*0.5 p r o b a b i l i t y t e s t * 
B e l l i s P e r e n n i s ; X 2 = 6*,00J ( d f = 1) 
Rot s i g n i f i c a n t a t CL..0& p r o b a b i l i t y l e v e L * 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d e c l i n e in< the 
abundance of weeds along the middle Sheep Track away froirn t h a 
B i r k d a l e Track.; 
Poa annua; X 2 = 1*65 ( d f = 2) 
Net s i g n i f i c a n t a t 0*0.5 p r o b a b i l i t y l e v e l -
B e l l i s perennds; X 2 = 1*42 ( d f = 3) 
Mot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y lev/el , 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d e c l i n e i m the 
abundance of weeds along t h e Top Sheep Track away from the B l i r k d a l e 
Track; 
Poa annua; X 2 = 14*10.(df = 9) 
Wot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l . 
ffellis p e r e n n i s ; X 2 = 4*01 ( d f — 4 ) 
Not s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l - * 
Ranunculus repens: X 2 = 7*36 ( d f = 1) 
S i g n i f i c a n t a t 0*01 p r o b a b i l i t y l e v e l 
Saqlna procumbens; X 2 = 16*6./ ( d f = 2) 
S i g n i f i c a n t a t 0*0.1 p r o b a b i l i t y , l e v e l 
Cerastlumi h o l o s t e o i d e s ; X 2 = 4*46 ( d f = 1) 
S i g n i f i c a n t a t 0..05 p r o b a b i l i t y l e v e l * 
Taraxacumi o - f f l c i n a l e ; X 2 = 8-94 ( d f = 3 ) 
S i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l 
I n c r e a s e s i n abundance away f r o m the B i r k d a l e 
Track. 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d e c l i n e i n the 
abundance of weeds along the Summit sheep Track away fromi the 
EBiirkdale Track; 
Poa animuai; X 2 = 1*62 ( d f = 3) 
Not s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l 
a e l l l s p e r e n n i s ; X 2 = 0.40 ( d f = 1) 
Not s i g n i f i c a n t a t 0*05 p r o b a b i l i t y , l e v e l 
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X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t , d e c l i n e , i n t h e 
abundance of weeds away fromi t h e opem s e c t i o n of the Summit Sheep 
Track: 
Poa -annua: Upper path towards north, X 2 =-9.49 ( d f = 4) 
S i g n i f i c a n t a t 0..05 p r o b a b i l i t y / l e v e l 
Lower p a t h towards n o r t h X 2 =-10.63, ( d f = 3) 
S i g n i f i c a n t at. 0.-05 p r o . b a b i l i t y l e v e l 
Upper path towards south, X 2 = 12.26. ( d f =2) 
Sign i f l e a n t at. 0-0.1 p r o b a b i l i t y l e v e l 
M i d dle path towards south. X 2 = 12.26 ( d f = 2) 
S i g n i f i c a n t a t 0-01 p r o b a b i l i t y l e v e l 
Lower path towards s o u t h X 2 = 3J.86, ( d f = 1 ) 
S i g n i f i c a n t a t 0.05 p r o b a b i l i t y l e v e l . 
2 
S e l l l s perenmls:Upper path towards n o r t h X = 10.48 ( d f = 3.) 
S i g n i f i c a n t a t 0-05 p r o b a b i l i t y l e v e l 
Lower path towards north. X 2 =-11.17 ( d f = 3) 
S i g n i f i c a n t at. 0.05 p r o b a b i l i t y l e v e l , 
tifsper Rath towards south, X 2 ~ 4..0QJ ( d f = 1 ) 
S i g n i f i c a n t a t 0.-05 p r o b a b i l i t y l e v e l 
M i d dle path towards south, X 2 = 9.3Q ( d f — 1 ) 
S i g n i f i c a n t at. 0-01 p r o b a b i l i t y l e v e l . 
I 
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X t e s t t o determine whether t h e r e i s a s i g n i f i L c a m t d i f f e r e n c e i n 
the abundance o f weeds along the o l d and new s e c t i o n s : of the B i r k d a l e 
Tiraefc: 
Po.a antr.ua; X 2 = 2 . 5 7 ( d f = 2) 
Not s i g n i f l e a n t a t 0..05 p r o b a b i l i t y , lev/el 
Hanumcul.us repens; X 2 = 12.60 ( d f = 1) 
S i g n i f Learnt a t 0.00)1 p r o b a b i l i t y l e v e l 
More abundant along the o l d s e c t i o n , of track. 
SaQinea proeumbens: X 2 = 1.40 ( d f = 1) 
Not s i g i f i c a n t . a t 0.05 p r o b a b i l i t y l e v e l . 
Cerastiurm h e l o s t e o i d e s ; X 2 = 2.3B; ( d f = 1 ) 
Net s i g n i f i c a n t a t 0.05 p r o b a b i l i t y / l e v e l 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n . the 
abundance of weeds on the 33 s e c t i o n s of the B i r k d a l e t r a c k 
X 2 = 7.98 ( d f = 2) 
S i g n i f i c a n t a t 0.XI5 p r o b a b i l i t y l e v e l 
% cover - S e c t i o m 1 > Section) 3. > Sections 2 
X 2 t e s t t o determine whether, t h e r e i s a s i g n i f i c a n t d i f f e r e n c e ira 
the spread of weeds fromi the 3 s e c t i o n s of the B i r K d a l e i r a c k 
X 2 = 13.40- ( d f = 2) 
S i g n i f i c a n t a t 0..01 p r o b a b i l i t y , l e v e l 
M i g r a t i o n ) - s e c t i o n , 1 > S e c t i o n 3_: > Section, 2 
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X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t , d i f f e r e n c e iro 
the spread of weeds o n the west and east s i d e s of the- B l i r k d a l e 
I rack. ( S e c t i o n 1) 
X 2 9 3.90 ( d f = 1) 
S i g n ! f i x a nt at; 0*05' p r o b a b i l i t y / l e v e l . 
X 2 t e s t t o determine wnetherr the c o n c e n t r a t i o n ) o;f B e l l l s p e r e n n i s 
i s s i g n i f i c a n t l y g r e a t e r Tmi away f r o m i t n e l i r k d a l e irack: compared 
w i t h the immediate r o a d s i d e ( S e c t i o n 1) 
X 2 = 6:.0QJ ( d f = 2 ) 
S l g n i f l e a n t at- 0 J D 5 p r o b a b i l i t y l e v e l 
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APPtlMUIX B 
S t a t i s t i c a l t e s t s a s s o c i a t e d w i t h the m i g r a t i o n , o f weeds; 
Tihe c h l - s q u a r e d s t a t i s t i c i s used t o t e s t the s i g n i f i c a n c e , of 
t h e v a r i a b l e s . (The method i s d e s c r i b e d in* Appendix; A). 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
the amount of dung between,grassland and h e a t h l a n d s e c t i o n s of the 
4 Sheep Tracks: 
Lowest Track.: 
I'Tiadle Track.: 
Top Track: 
Summit firack: 
X 2 = 9*31 ( d f = 1) 
S i g n i f i c a n t a t 0.01 p r o b a b i l i t y l e v e l 
Grassland > Mieathland 
X 2 = 0*31 ( d f = 1) 
Wot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y , l e v e l 
X 2 = 1*23 ( o f = 1) 
Wot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l 
X 2 = 3*67 ( d f = 1) 
Blot s i g n i f i c a n t a t 0*05 p r o b a b i l i t y l e v e l 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
the amount of dung on. t h e 4 Sheep |racks: 
X 2 = 23*99 ( d f = 3) 
S i g n i f i c a n t a t 0*0Qi1 p r o b a b i l i t y l e v e l 
Dung count - Top and Summit > Middle and Lowest Tracks 
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X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e ira 
t h e number of sheep between g r a s s l a n d and h e a t h l a n d section® o f 
the 4 Sheep Tracks: 
X 2 = 1..39 ( d f = 1) 
Not s i g n i f i c a n t a t 0.D5 p r o b a b i l i t y l e v e l . 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
the number of sheep observed on the 4 Sheep Tracks: 
X 2 = 49.72 ^df = 3) S'.^n'.^carA- «xh O-ooi pr<?W>i Ut-y l e v e , l . 
Number of sheep - Top and- Oummifc ^ fflt dM 1 i? and Lowest Tracks.. 
X 2 t e s t t o determine whether t h e r e i s a s i g n i f i c a n t , d i f f e r e n c e i n 
the number o f sheep mowing n o r t h and south along the 4 Sheep Tracks: 
X 2 = 0.1.077 ( d f = 1) 
tttlot s i g n i f i c a n t a t Q..05 p r o b a b i l i t y , l e v e l 
X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d i f f e r e n c e i n 
t h e % bare ground o n the 4 Sheep Tracks: 
X 2 = 6 6 . , 8 7 ( d f = 1 2 ) 
S i g n i f i c a n t a t 8.001 p r o b a b i l i t y lev/el. 
%, hare ground: - Top > r i i d d l e > Lowest > Summit Tracks 
2 
X t e s t t o j determine whether t h e r e i s a s i g n i f i c a n t d e c l i n e i n the 
% bj a r e ground away f r o m i the Top Sheep Track: 
X 2 = 5 6 . . 5 1 ( d f = 6 ) 
S i g n i f i c a n t at: O.OOi p r o b a b i l i t y l e v e l . 
X t e s t t o determine whether t h e r e i s a s i g n i f i c a n t d e c l i n e i n , t he 
% bare ground away from the B i r k d a l e Track.. 
X 2 = 213S.£D ( d f = 2 4 ) 
S i g n i f i c a n t a t 0.0071 p r o b a b i l i t y l e v e l . 
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APPEaPIX C 
S t a t i s t i c a l t e s t s on fche s o i l - d a t a : 
Once agairo n o n i - p a r a m e t r i c t e s t s were used.. These were the 
chi-squared t e s t (see Appendix A f o r method) and the- i'ianB>-Uhitney. 
U t e s t -
Procedure f o r i-uann-liJhitney, L i - t e s t ; 
For sample s i z e nt-| ^ 2 0 and 9 ^ ^ 2 0 
Formulate Itiip and H < j D e c i d e upon, the r e j e c t i o n , l e v e l . 
Place a l l . the values i n a s i n g l e rank order,, r e t a i n i n g the group 
i d e n t i t y of each.. L e t one group be termed A and the o t h e r group. 8 . 
A l l o t ranks t o each o f the values 
Sum, the ranks OS group A 
C a l c u l a t e U = 1*2 + (|™1 + 1) — (where t t i i s t h e number, i n 
group A; 02 the number i n group Bi and R-j the sum, o f the ranks; givem 
t o values Ira ra-j) 
Determine the s i g n i f i c a n c e o f the r e s u l t f r o m a riann-Uhitney U 
p r o b a b i l i t y t a b l e . . 
Bq i s the m u l l h y p o t h e s i s t h a t t h e r e is:, no s i g n i f i c a r a t d i f f e r e n c e 
between, the s o i l samples.. 
H-j i s the a l t e r n a t i v e h y p o t h e s i s t h a t t h e r e i s a s i g n i f i c a n t d i f f e r e n c e 
between the s o i l samples-
I n a l l . cases the r e j e c t i o n , l e v e l i s * * = 0:.0J5 
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